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vocational iiTStruction and curriculusa development. 
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Expires July 1/1978 ^ 



Co^rst ''Disc ript ion: . , ^ 

\\ ' ^ ' \ * * ' 

This is the third secti'on of a four-part course to train environmental support specialists. The entire course includes training in water treatment plants, 
operating procedures for solid waste disposal and maintenance of water and waste processing system components. Xhe previous sections dealt with 
Waste p/occssing, water analysis, and water treatmem*. This section discusses waste treatment and disposal. It consists of one block containing 78 
hours of instruction. - , ■ . » . 

Block V - w^ste Trestm^rtt snd Dfspossf contains ten lessons covering 78 hours of instruction. The lesson topics and respective hours follow: 
Field Saniution (2.5 hours) 

Classas and Sources of Waste (1 hour) , " . v ' 

Composition and Characteristics of Se\^ge (4.5 htfurs) " * 

Principles of Sawage Treatment (8 hours) , \ ^ 

Primary Waste Treatment with Field Trip (16 hours) " ^ ■ ^ 

SecondarVTreatment with Field Trip (24 hours) *' ' * * 

Tertiar\' Treatment (3 hours) ' ' . ^ 

' ' Chlorination and Stream Survey^ (5 hours) 
Industrial arfd Radioactive Wastes (8 hours) 
Safety Practices (6 hours) 

This section contains both teacher and student materials. Printed instructor materials include'lessoa plans with an outline of teaching steps and a plan 
of instruction detailing the units of instruction, the duration of the lesson, objectives, and support materials needed. Student materials include a study 
guide containing objectives, assignments, text readings, and review questions; a workbook containing exercises and lab work; and a manual on safety and 
first aid procedures. 

Several military technical manuals and commercially produced texts were also referenced but are not provided. Audiovisuals recommended for the 
entire four sections but not provided include twenty films, three slide sets, apd one schematic diagram. This section should be preceded by Environmental 
Support Specialist, Blocks I and M (17^) and Environmental Support Specialist, Blocks til and IV (17-5). and followed by Environmental Support 
Specialist, Blocks 71 and VII (17-7). It can be presented in a large group instructional setting or adapted for individualized study in waste treatment 
or ecology courses. 



PLAN OF INSTRUCTION ; ^ 


Environmental Support SpecialiS 


Waste Treatment and Disposal 






»rt*JKt*,l ON ANOCRITCRJON OfijECTlVES 
' - * • 


DURATION* 
- ^ .HOURS* 
* & 


^' - SUPPOR* MiTtn i«< anC GurOANCE 


1, Field Sanitation 

a. Follow ing*writ ten instructions, demon- 


, 2:5 ^ 
(2/0.5)- 
Day 36 
(2/0.5) ' 


"Column 1 Reference STS Referjence * 
la ^ lOa, 10b, lOc, iOd, iOe 

Instructional Materials* * 


strate a knowledge of proper loc^ion^^ construe 
tion, operation, and maintenance of facilities 
for disposal of waste in isolated and combat 
areas by writing responses to measurable * 
written items* \ 


> 


SG 3ABR56330^V-1, Field SanitJ^ion 
WB 3ABR56330-V-1-P1, Field Sanitation 

Audio Visual Aids ^ . _ 
Slides, Field Sanitation * ' 






* • 

Training Methods . 




• 


Discussion (1.5 hrs) , ' " 
Performance (0.5 hr) x . , ' 
Outside Assignment (0,5 hr) *^ ' — ^ 

Instructional Environment/Design 


♦ 

0 




Classroom (1.5 hrs) • / 
Laborat6ry (0^5 hr) 

Study Hall (0*5 hr) . . 

Group/Lockstep . « . 


N 

i 

& 


1 

• 

* 


• * 
Instructional Guidance 

Discuss field sanitation and facilities and show ^slides. Monitor v.uderti 
performance* 

* 


; ... :r -7 3ABR56330 


6 June ly'fS euoc^i.c. V ^ paccno. 30 
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PLAN OF INSTRUCTION (Continpr^ 




UNITS OF IMSTRUCTIOM AND Cl^TERION OBJECTIVES 


OURATtON 
^ (HOURS) 


^ SUPPORT MATERIALS AND GUIDANCE 


2* Classes and Sources oi Waste 


1 


Column 1 Reference „ STS Refsrenco 




a. Giv«D a list of ten waste materials, 
identify by written response a source of each 
and classify each as being domestic or 
industrial. 


(1/0) 

Day'36 

(1/0) 


2a iia 

Instructional Materials 

SO 3ABR56330-V-2, Qasses and Sources of Waste 
WB 3ABR56330-V-2-P1, Qasses and Sources of Waste 






Tfainintr Methods 
Discussion (0, 7 hr) 
Performance (0.3 hr) 




> 

s 




Instructional Environment/t)esi6:n 




\ r . 




Classroom (0. 7 hr) 
Lalx)raiory (0*3 hr) 
Group/Lockstep 




\ 

. \ ■ , • 




Instructional Guidance 






DiscussNaources and classes of waste and the general characteristics 
of each. \ 


3, Composition and Cliaracteri sties of 
Sewage 

a. Given incomplete'definitions of terms 
or statement's relative to characteristics and 
composition of sewage, complete the definition 
or statement with the proper term or im'orma- 
tion. 




Column 1 Reference STS Reference 




(3/1.5) 
Day 36 
(3/1.5) 


3a ^ lib 

0 \ \ 

Instructional Materials 






SG 3ABR56330-V-3, Composition and Characteristics of Sewage 
WB 3ABR56330-V-3-P1, Composition and Characteristics of Sewage 

Training Methods 






Discussion (2 hrs) 

Performance (1 hr) 

Outside Assignment (1,5 hrs) 




\ PLANOFmsTRuciiONNO. 3ABR56330 


OATE 6 June 1975 atc^ no. y . 





PtA,-* OF INSTRUCTION (C»ntmu*4 


^ ONJTi OF INSTRUCTION AND CRITERION CSJECTiVES 


DURATION ' 
J (HOURS). 


SUPPORT MATERIALS AND GUIDANCE . 

3 * \ 


4. Principles of Sewage Treatment 

a. Given ^ list of 20 statements and a 
list of 20 terms Related to principles of sewage 
treatment, match the terms to the proper 
statements, 

• 


8 

(6/2) 
Day 37 
(6/2) 


Instxuctional Environment/Design 
Classroom (2 hrs) 
Laboratory (1 ht) 
Study Hall (1.5 hrs) 

Group/Lockstep ^ 

Instructional Guidance / 
Discuss characteristics and composition of sewage and the^ff^ts they 
have on sewage plant operation. Emphasize the hazards associated with 
sewage. Monitor student performance. Make and check outside 
assignmaits daily; On day 36, direct students to read pages 1 thru 25, 
SG V-1 thni 3, and answer questions on pages 2, 21, and 25. 

Column 1 Reference STS Reference 
4a ' 11c 

Instructional Materials 

SG 3ABR56330-Vr4, Principles.of.Wasite Treatment 
W3 3ABR56330-V-4-P1, Principles of Waste Treatment 

Trainini: Methods 

Discussion (5 hrs) ^ 
Performance (1 hr) 
Outside Assignment (2 hrs) 

Iiistructic»ial Environment/Design 
Classroom (5 hrs) 
Laboratory (1 hr) 
Study Hall (2 hrs) 
Group/Lockstep 


PLANOFiNSTRucTx^NC. 3ABR56330 


t^^TE 6 June 1975 blo:kno. y j v. 32 



0^ 15 



0 



iS 



PLAN OF INSTRUCTION (Continu.iO 



UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 



5. 



Primary Waste Treatment with Field 
Trip 



CURATION 
^ :HOURS) 



a. Observe operation of municipal 
sewage treatinent plants during field trip and 
practice personal hygiene and safety during 
field trip. 

b« Demonstrate a knov^^ledge of operation 
of preliminary and primary treatment systems 
and components by making written responses 
to related questions. : 

I 

c. Given the SDvage treatment trainer j 
and a schematic of a sewage plant, identify and* 
operate the valves to perform the designated j 
operations. , ! 



, ^^As ZF INSTRUCT ON Nc 3ADR56330 



16 
(12/4) 
Days 38 
and 39 
(6/2) 



(5/2). 



(1/0) 



SUPPORT MATERIALS AND GUIDANCE 



Instructional Guidance 

Discuss principles of sewage treatment. Monitor student performance. 
Make and check outside assignments daily: On day 37, direct the 
students to read SG V-4, and answer questions on page 33. 



Column 1 Reference 

5a 

5b 



5c 



STS Reference 
11c, lid 

11c, llg(l), llg(2), llg(3), llh(l), llh(2), 

llh(3) , llh(9), llh(lO), llh(ll), 

llh(l) , llh(2), llh(9), llh(10) > llh(ll) . llm 



Instructional Materials 

SG 3ABR56330-V-5, Primary Waste Treatment 
WB 3ABR56330-V-5-P1, Primary Waste Treatment 

Audio Visual Aids 

Slides, Sewage Plant Operation 

Training Equipment 

Sewage Treatment Trainer (12) 

Training Methods < 
Field Trip (5 hrs) 
Discussion (4 hrs) 
Demonstration (1 hr) 
Performance (2 hrs) 
Outside Assignments (4 hrs) 



6 June 1975 " 



PAf.f NO. 



33 



ERIC 



18 



PLAH OF INSTRUCTION (C«iitiMi*4 


VHili Oe INSlf^UCTiON ANO CRMCKlON OftJtCTIVC^ * 

1 


DURATION 
1 ^ (HOURS) 


SUPPORT MATeRtALS ANDGUIDANC5 

3 


6« Secondary Treatment with Field Trip 

a. Following field trip to municipal and 
base sewage plants^ list the types of systems 
and the treatment units at each plant. 

b. Given a list of incomplete statements 
and a list of terms or phrases relative to 
trickling filters and oxidation ponds, complete 
the statements with the proper terms or 
phrases. 


24 

(18/6) 
Days 40,41 
and 42 

(6/2) 

(6/2) 


Instructlooal EnTirooment/Oesign 
Field Trip (5 hr»} 
Classroom (4 hrs) 
Labor^ory (3 hrs) 
Study Hall (4 hrs) 
Group/Lockstep 

Instructional Guidance 

On day 38, brief students on safety and what to look for during field 
trip. The field trip will be for introduction and familiarization with ^ 
waste treatment systems and equipment. Check students for compliance 
with personal hygiene requirenient8.^Atter field trip, re? iew what was 
observed. During day 39, discuss specific operation of preliminary and 
pr^imary treatment and monitor student performance* Assignments:^ 
^day 38, direct students to read SG V-5, pages 34-49. On day 39, direct 
. studentsio^read pages 50-65, j^d answer questions on pages 66 and 67« 

Column 1 Reference^^^^^STS Reference 

6a lic,-lihi2), llh(4), llh(5), llh(C), llh(7), 

llh(8) 

6b , 11c, llh(4), llh(5)^ Hi 
6c 11c, llh(8), llo 
6d * 11c, llh(8) 

-Instructional Materials ^ ^: 
SG 3ABR56330-V--6, Secondary Treatment, Waste 
WB 3ABR5oo30-*V-o-Fl, Secondary Treatmenc, waste 
WB 3ABR56330-V*-6-P2, Configuration and Operation of Activated 
Sludge Systems 

WB 3ABR56330-V-6-P3, Principles and Configuration of Contact 
Aeration Systems 


r.tAHOMNMftoC' )nn: 3/BR56330 


DATc 6 Juiie 1975 block no« ' y 


pAcr NO. 2^ 
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OF INSTRUCTION (Confinu#4) 


^ .\ -5 OP •MSTROCTiOM AND CRITCRIOM oajECTlVES 


DURATION 
' J (HOURS) 


• J SUPPORT MATERIALS AND GUIDANCE 


c* Using written definitions and sche- 
matic of an activated sludge plant, identify 
. components relative to the plant and answer 
questiims relative to operation of activated 
sludge plants. 

. <!• Following written instriictions, 
identify components and answer questions 
. relative to operation of a contact aeration 
system. 

7. Tertiary Treatment 

a. Given ten incomplete written 
staten\jBnts relative to tertiary treatment, 
complete the statements with proper terms or 
information. 


(4/2) 
(2/0) 

3 

(2/1) 
Day 43 
• (2/1) 


Audio Visual Aids 

TVS 56-2, Sewage Plant Operation 

FLC 13-94, Municipal Sewage Treatment Process 

Training Methods 
Field Trip (5 hrs) 
Discussion (10 hrs) 
Performance (3 hrs) 
Outside Assignments (6 hrs) ' 

Instructional EnvironmentA)efliim ^ 

Field Trip (b hrs) • 

Classroom (10 hrs) 

Laboratoiy (S hrs) 

Study HaU (6 hrs). 

Group/Lockstep 

Instructional Guidance 

Discuss systems, general operation and maintenance of units, and 
en^phasize safety on field trip. Discuss details of operation in class 
and monitor student^performance. Make and check outside assignments 
daifir. < Oil day 40, direct tie students to read pages 68 thru 84'in SG V-6 
On day 41, direct the students to read pages 85 thru 106. On day 42 
review SG V-6. ' 

« 

Column 1 Reference STS Reference 
7a 11c 

Instructional Materials 
SG 3ABR56330-V-J, Tertiary Treatment 
-W-B-3ABR56330-V-7-P1-, Tertiary-Treatment 


. PLAN cv;.c. 3ABR56330 
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PLAN OF INSTRUCTION (Confinue<ft 


^ UNITS OF INSTRUCTION AND CRITEfflOH 0»Jt:CTIVES 


DURATION 
^ (HOUHS) 


Support matcri^us anc oj^cancc 

3 






Training Methods 
Discussion (1^ 5 hrs) 
Performance (0, 5 hr) 
Outside Assignment (1 hr) 

Instructional Enyironment/Design 

Classroom (1.5 hrs) 

Laboratory (0. 5 hr) 

Study HaU (Ihr) ^ 

Group/Lockstep 


• 

>> 

y 




Instructional Guidance / ^ 
Discuss methods of tertiary treatment. Monitoi* student performance. 
Have students read oaflres 108 thru 114 of 5V« V-7 and nnflu/Ar niiAofinna cm 
page ,114 for outside assignment. 


8» Chiorination and Stream Surveys 

a» Given a schematic of a sewage plant, 
identify points where chlorine might be applied 
and answer written questions relative to 
sewage chiorination^ 


5 

(VI) 
Day 43 
(2/0.5) 


Column 1 Reference STS Reference 
8a llh(6) 
8b lln 

Instructional Materials 

SG 3ABR56330-V-8, Chiorination and Stream Surveys 

WB 3ABR56330*^V-8-Pl, Chiorination and Stream Surveys ^ 


b. From Informaiiion nrovidpd .^nf^u/pr 


(2/0 5^ 




written questions relative to stream surveys. 




Discussion (2 hrs) 

Performance (2 hrs) / 
Outside Assignment (1 hr) ' ^ 
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« PLAN OF INSTRUCTION (Continued) 


/ 

UNITS OF iV^STRUCTtON AND CRITERION OejECTIVES 


OURATtON 
^ (HOUHS) 


.SUPPORT MATEKIALS AND GUIDANCE ' 
3 * 


> 


« 


Instructional Environment/Design 
Classroom (2 hrs) 
laboratory (2 hrs) 
Study HaU (Ihr) 
Group/Lockstep ^ 

0 




<• 

% 

• 




Instructional Guidance 

Discuss principles of chlorinatioii and monitor student performance* ^ ^ 
Have students read pages 115 thru 120 of SG V~8 and answer questions 1 
on pages 120 and 121 for .'outside assignment* ^ ^ 


9. Industrial and Radioactive Wastes 

> 

^ a. Using related information, identify 
types and dangers of industrial wastes, and 
methods of testing, treating, and disposing 
of them. V 

b« Using related information, identify 
radioactive mar^gs^ and state procedures 
for handling and diS|>usin^ of radioactive 
materials. 


8 

(6/2) 
Day 44 
{3/1) 

(3/1) 


Column 1 Reference STS Reference ^ - ' 

9a 12a> 12c, 12d, 12e, 12f, 121 

9b ^ , 7d?6). 7e(4yri2g. 12h, 12i, 12j, 12k 

Instrdctional Materials 

SG 3ABR56330-V-9, Induatrial and Radioactive Waste 
WB 3ABR56330-V'-9-Fl,' Industrial Waste Treatment 
WB 3ABR5633d-V-9-P2, Radioactive Waste Contamination 

Training Methods > ' ^ 

Discussion J4 hrs) ^ 

Performance hrs) <* 

Outside Assignment (2 hrs) 

« 


\ 

* * 

1 

V- ' -. 




Instructional Environment/Design 
Classroom (4 hrs) 
Laboratory (2 hrs) 
Study Hall (2 hrs) 

4 


1 

" r- 
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PACE NO. 



PLAN OF INSTRUCTION (C»ntinu«sft 

3? / 


^ ♦ 


' DURATION 

_ *J1 V W H J 

I 


Support ma fcrials and guidance 


• 

0 




Instructional Guidanice 

Discuss types of industrial waste, dangers or untreated waste, tests for 
industrial waste treat thpnt methods and nrnrpdnrAfl ^nH mainf onannA 
of treatment equipment. Discuss' the sources of hazards and Identificatioi 
of radioactive matevials and areas. Discuss procedures for collecting, 
ha^idling, and shipping radioactive waste. Monitor student performance. 
Make ;fnd check outside assignments daily: Day 44, read pages, 122-130, 
1 SG V-9, and answer questions on pages. 131 and 132. 


10. Safety Practices 

» ♦« •* 


6 

(4/2) 
Day 45 


! • , ' 

1 Column 1 Reference STS Reference 
10a 7f(l3) ^ 
10b ^ 7a, 7f(13), lid 


a. Tdentifv (TPriPr^l sa^fptv infnrinaftnn hv 




inoiruciionai ivuiienaio ^ 


completing measurable written items* 

b. Using AFR 127-101, Chapter 3, 
Section JP» paragraph 3-23, Identify sewage 
plant safety practices by listing two safety 
practices. from each subparagraph a through i. 

■ • ■ ' / , 


(2/1) 


SG AFS 54, ^5,. and 56, Safety All Courses ' 
WB 3ABR56330-VrlO-Pl, Safety Practices 
AFR 127-101, Chapter 3, Section F, Ground Accident Prevention 
Handbook 

Training Methods • 


j 
i 


Discussion (2 hrs) , ^ 
Performance (2 hrs) 

Outside Assignment (2 hrs) , v \ - ^ 


J ' . . 


1 

1 

** 


Instructional Envirohment/Design t 

Classroom (2 hrs) 

Laboratory (2 hrs) 

Study Hall (2 hrs) , < 

Group/Lockstep 


• 

> 


"! 


Instructional Guidance ^ * 
Discuss safety and safety publications. Monitor student performance. 
Make and ci^eck outside assignments daily: Day 45, read pages 1- 15 in 
Safet/s,SG and-ansWer questions on pag<»s and 16. 
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LESSON DURATION 
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2 Hrs 


COMPtEMENTARY 

0. 5 Hr 


TOTAL ' 

2. 5 Hrs 


POI REFERENCE 
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563X0 
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. SIGNATURE 


DATE 


SIGNATURE 


DATE 


• 








J ■ 
















preclass preparation 


EQUIPMENT LOCATED 
IN LAlfOAATORY 


EQUIPMENT 
FROM SUPPLY 


CLASSIFIED MATERIAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


< 






SG V-1 
WB V-l-Pl 
Slides, Field Sani- 
tation 



CHITERIOH OBJECTIVES AND TEACHING STEPS 



la. Following written instructions, demonstrate a knowledge of proper location, 
construction, operation, and maintenance of facilities for disposal of waste in 
isolated arid combat areas by writing responses to measurable written items. 

(1) Field latrines and urinals 

(2) Cesspools and septic tanks 

(3) . Tile fields and subsurface sand filters 



i 



BODY (110 Min) 

PRESENTdTION: 

la. Following written instructions, demonstrate 
a knowledge of proper location, construction, 
operation, and maintenance of facilities for 
disposal of waste in isolated and combat 
areas by writing responses to measxirable 
written items • 

« 



(l) Field latrines and urinals 
Ca) Types of latrines . 



i Straddle trench-designed to 
accc3ninodate 100 men per 16 
feet total trench length of 
8^ of unit 



a Trench dimensions- length 
4 feet, width I foot, and 
depth 25 feet 



b Construction features- 
canvas walls, toilet 
paper holders, water for 
washing hands, covering 
*dirt, drainage ditches. 
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£ Maintcnancii-shcltcr and trench 
areas should be sprayed twice 
ifitekLf with residual insecticide' 
to control fly breeding. 



d Operation-user of this type 
latrine straddles either 
end of trench in a squatting 
position, relieves himself, 
then covers his excreta with 
the covering dirt provided. , 



£ Closing procedures-K:losing 
is acconplished ^Axen trench 
beccraes filled to within <»ie 
foot of the surface or when 
it is to be abandoned 



• Trenches, sidewalls, and 
grounds within 2 feet sprayed 
with residual insecticide 

Fill trenchiss with 3 inch 
layers of dirt.. spraying— — — 
with insecticide and packing 
each succesive layer 



Mound trenches over with 
at least 1 foot of dirt. 

Place sign reading- 
CLOSED UlRINE and also 
the date. 



g Deep pit-designed for 

prolonged stay with standard 
type latrine box to acccoinodate 
S% of any size imit at one time 



Pit dimensions-length 7§ 
feet, width 2 feet, depth 
6 feet 



b Construction features- 
excavate pit to acconmodate 
standard latrihe box 



As - a guide to pit depth, 
allow one foot per week 
of intended use if operated 
at full capacity 



Not desirable for pit 
depth to exceed 6 feet 



Pack ^irt tightly aroimd 
bottom of latrine box 



Provide drainage ditch 
around latrine 



Maintenance-interior of 
latrine box is sprayed , 
twice weekly witiii residual 
insecticide to cotxtrol 
fly breeding 
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i Opcration-this type 
latrine designed to 
acconnodate a 50 man unit 
of which 8^ (4 people) can 
make use at one time« 



. Closing procedure s-sacte as 
for straddle trench* 



1 Mound latrine-designed to be 
used vhere ground water or rock 
ledges are close to surface*" 



Pit dimensions-* length ' 
7^ feet, width 2 feet, depth 
or height of mound dependent 
on depth of\ ground water* 



b Construction feature s^-plow 

iu*ea to aid liquid seepage 

I 

Dirt mound cqns.tructed in 
one foot layers \d.th surface 
of each lay«r roughened 
and top. of mound at least 
Q feet wide and 12 feet long* 



Desired height of motuid and 
pit depth determined by water 
table* 



£ Maintenance-same as for 
deep pit 
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d Operation-same as. for 
deep pit 



e Closing procedures-same ^ , * ' • 

as for straddle trench 

• .! 

Bored hole latrine-designed 
to acccmnodate one person 
at a tine and is used at 
guard posts, lookout sites, 
or waiting stations in • 

isolated or combat areas « # 



§, Pit diaiensions-hole 

drilled or bored 6 to 2C 
feet deep about 18 inches 
in diameter^ 



b Conatruction features-Drilled, 
hole covered by a latrine 
box or metal drum witJi a 
flyproof seat cover and 
self-closing lid. * 



c Maintenanc^same as for 
straddle trench. 



d Operat;ion-this type uatrine 
-fdesijgned for one man^se# 



e> Closing procedures-same as 
for striuidle trench. 




J . 

^ Pail latrine-designed for 
use yhen dug latrine not 
possible* 



a Pit dimensionsHio pit 
px;ovxd^; instead^ a 
waterproof ^bucket ' is placed 
under a modified standard 
latrine # 



b Constn^ctionHuodified 
standard^ latrine box. 



Leakprool bucket 



Self --closing seats aiid 
o ' i?- rear doors 

, ^ Flyproof latrine box 
I 

4. 

£ Maintenance-pails emptied 
and cleaned dkily or more 
often as neccessary* 

Contents buried or burned 



d Opera tionnie signed to 
acconsnbdate four men. 



e Closing procedure-box, 
^surrounding area, and 
pails are cleaned ^and 
disix}fected with soap 

or residual HTH, 



8 



(b) Locatxon of field iatrinea-field 
latrine facilities should not be 
located 



1 Within 100 yards of mess., 
facilities or water supplies 



2^ Where the slope, drainage, 
and depth of earth cover is 
\'|inadeq\ute 



3 Within 30 yards of barracks 
4vOr sleeping quarters 



4 , Upwind fi:om mess facilities 
.and quarters 



(c) Urinal^ area specially designed 
for the discharge of urine 



I General rule-urinals should 
. 'serve at least S% of the 
unit's strength 



2 Types of urinals 



9 
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^ Pipe xiriiuil-^onsists of 
standard soakage pit with 
ventilating shaft and as 
manjr^ftumels as necessary 
to serve the given strength 

It 

i 

Pit dinfensions-letigth 4 feet 
width 4 feet, depth 4 feet. 

Construction features: 
.4x4x4 foot pit dxig and 
filled with suitable 
contact material 



Pit is topped with a 2 inch 
' layer of small stones or 
gravel 

Ventilating shaft sunk at 
each end of pit to reduce 
odor. 

Pipes fit least 1 inch 
diameter extending 30 inches 
above ground and at least 
8 inches below surface 



Pipe topped with tar paper 
or sheet metal ftuinel 
filled with grass or straw 



Maintenance- change grass 
or straw filler daily 

Wash fimnel with soap and 
water 
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Mounded over with a foot 
layer of contpacted earth 



Marked vdth" sign reading 
CLOSED SOAKAGE Pix, dated 

b Trou^ urinal-type of - urinal 
using standard soakage pit^ 
witii receptacle constructed 
above g:-ouhd* 



, Pit dimeniiions-saine aa for 
pipe urinal 



Construction features: 
trougH should be 6 feet 
on a side 



liquids to discharge comei* 



fe; SI- 



Pipe connected to discharge , ' - ' 

7 comer, to cany liquicT into ' ^ ^ ' , - 
.pit* ^ . . ' ' ^' 



Operation-designed to ^ 
serve 5^ of unit strength, 

' . V *. - • ■ 

Closing procedures when ^ ^ \ 

• soakage pit beccraes "\ - 
clogged or site abandoned 
%t should be : 

Thoroughly sprayed v^th 
residual insecticide^ 



*5 ■■ ■ • . 1 ■ M, 

Have enou^ slope to carry • 



Filler of grass or 
straw on a screen placed 
\at entrance to discharge I 
pipe. y . 

Maintenance-Kdiange filler 
daily 



Bum or bury used filler 

Wash trough daily 

Operation-designed to 
accooinodate 5^ of the 
unit at one time , 

i * ' • 
Closing procedure-sanie as 
for pipe urinal 



Urinoil-type urinal-uses 
standard ^oakage pit with 
specially designed oil lined, 
odor, and flyproof receptacle. 



Pit dajnensions-same as for 
pipe -xirinal 

w 

Cohstruction ^ features : urine 
receptacle constructed from a 
55 gallon drum and pieces of 
2-inch and 4-inch pipe welde 
into place. 

/ 

Remove top from one end / 
of drum, / 

12 . '■ 



/ 

n. 



Cut our 2 inch hole in 
bottom center of other 
end of drum 

Insert 2 inch pipe into- 
hole approximately' 6 to 8 
inches alloidng 6 to 12 inches 
to extend below drum 

Slotted, capped, 4 inch 
pipe is placed over 2 inch ; 
inside of drum so that the ^ 
highest slot is about 2 inches 
belov top of 2 inch pipe 

Water is poured into the 
drum to a level even with 
the top of the 4rinch pipe. 



A 2-inch. layer of oil is 
then poured dn top of the 
water 



Haintenance-4ceep inside 
walls of drum to a level 
above oil line smeared 
with an oily film to 
prevent odors and fly 
breeding 

.Operation-additional water 
or urine added to drum 
sinks below oil and is 
flushed throu^ the slots 
in the 4 incTi pipe and then 
overflows inipo the soakage 
pit 



Closing procedures-remove' 
drinn 



Follow same procedures as 
for pipe uriml 



ERIC 



(2) Cesspools and septic tanks . 



(a) Construction features which 
characterize ces3pools 



i Brick ,or inasonary structures 
with dry open joints 



2 Uniined bottoms 



^ 8 to 10 feet deep 



(b) Explain the operation of a 
cesspool 



(c) Desirable terrain for cesspool 
locations 



1 Porous soil from 8 to 10 
feet deep 



2 ' Water table at least 15 
feet deep 



(dO Percolation test is used to 
detennine leaching, capability 



(e)' Sludge is. removed frcm cesspools 
by 



3, BaiLLhg 



2 PumpiJig 



(f ) Sludge is disposed of by burying 



(g) .Septic tanks are designed to 
hold sewage for a period of 
time to allow for bacterial 
action 



(h) Operation of a septic tank is 



1 Settling 



2 Digestion 



/ 

I 15 
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(i) The miniinum size of a septic 
tarfc is 500 gallons 



(j) Records kept on septic tank 
operation should include 



1 Date of inspection 



2 Conditions found 



3, Corrective action taken 



4 Sludge and spurn depth 



Tile fields and subsurface sand filters 



(a) Disposal tile fields may be used 
\^en sewage flow is small and 
porous soils exist 



(b) Tile fields csm be used when 



X Ground water table is v^ell 
below the tile field 



\ 
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^ The soil has good 

leaching characteristics 



3 Subsurface drainage is away 
from the tile field 



± Drainage area covers large 
area 



Minimum width of trenches based 
on types of soils are 



X Sand arid sandy loam^^ 1 foot 



2 Mixture of sand^ loam and 
clay, 2 feet 



i Clay with san^ gravel, 3 feet 



Maximum trench depth is 2 feet 



Methods used to protect tile 
fields 



1 Fencing 



17 



2 Posting 



2 Seeding with grass 



(f) 



Subsxu^face sand filters are 
used if soil is not absorbent 



(g) 



Dosing tanks are used if 
distribution tile exceeds 
200 feet 




APPUCAnON: 

Have students acccmplish WB 3ABR56330r;V-l-Pl 



EVALUAnON: 

Evaluate by oral, written questions, and/or 
observation of student^ s perfonnance duidng 
lesson* This may be acconplished at any tine 
during lesson for increased effectiveness. 



CONCLUSION (5 Min) 



SUMMARY: 



ERLC 
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PRECLASS PREPARATION 



eOUIPMENT LOCATED 
IN LABORATORY 


EQUIPMENT 
rROM SUPPLY 


CLASStriCD MATERIAL 


GRAPHIC AlOS AHO 
UNCLASStPIED MATERIAL 


None 


None 


None 


SG V-2 
WB V-2-P1 



CRITERION OBJECTIVES AND TEACHING STEPS 



2a. Given a list of ten waste materials, identify by written response a source of 
each and classify each as being domestic or industrial. 

(1) Waste and pollution control 

(2) Sources and characteristics of domestic wastes 

(3) Sources and characteristics of industrial wastes 



ATC 



FORM 

AUG 7Z 



770 



ERIC 



BODY (50 Min) 



FRE3EK1ATIQN: 

2a. Given list of ten waste materials, 
identify by written response a source 
of each and classify each as being 
domestic or industriiJL. 



(l) Waste and pollution control 



(a) Vhy ccaxtrols are necessary ' 



To regulate the amount and 
quality of waste or pollution 
discharged into public 
waterways 



i To insure public health 



(b) Who implements tiiese controls 



i Federal agency 



2 State agency 



3 Local agency 



49 



(2) Sources and characteristics of 
donestic wastes 



(a) Sowces of domestic waste 



1 Homes. 



2 Schools 



3l Businesses ^ 



Co) Characteristics of fresh 
donestic waste 



1 Gray in color 



2 Soapy dishwater odor 



3 Contains dissolved, suspended, 
and/or ^oating solids 

4 



4 pH noimally 7 * 



(3) Sources and characteristics of ' 
industrial wastes 



4 

50 
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(a) Sources of industrial 
wastewater 



1 Aircraft wshing 



2 Fuel system maintenance 



^ Paint stripping and corrosion 
control 



4 Aircraft maintenance sHops 



^ Vehicle maintenance shops 



6 Air materiel Depots 



*(b) Characteristics of industrial 



wastewater 



2. Ch«nical odor 




2\ Color or dye 



or greasy 



/ 



£ Toxic -toXliving organisms 



/ 



APPLICi^TION: 

Have students complete WB-V-2-P1, Classes and 
Sources of Waste « 



EVALUATION:. ^ . ^ 

Evalxjate by oral, written questions, and/pr 
observation of student's perfonnance during 
lesson. This may be accomplished at any time 
during lesson for increased effectiveness. 



CQNCIUSI0N'(5 Min) 



SUMMARY: 



REMOTIVATION: 



STUDY ASSIGNMENT: NONE 



\ 
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TrRTr/l7.T 



COURSE NUMBER 




V ■ 

tCSSON TiTue 



LESSON PUAK ( P«rt I, Gw>r«0 



INSTRUCTOR 



COURSE TITLE 

Environmental Support Specialist 



■ LOCK TITLE 

Waste Treatmerit and Digpoeal 



Composition and Characteristics of Sewage (Day 38) 



1 CLASSROOM/LAftORATORy 


goMftCMENTAAV 

1.5 Hrs 


TOTAL 

4. 5 Hrs 


1 PAGE NUMBER 

31 
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J . EQUIPMENT LOCATED 
1 , iH LABORATORY 


EQUIPMENT 
rROM SUPPLY 


CLASSIPIZO MATERIAL ' 


GRAPHIC AIDS AND 
UNCLASSlFllED MATERIAL 


None 


None 


None 


SG V-3 


1 ^ 
1 % 

1 • 


4 






1 * 


m 







CRITERION OiJCCTIVCS AND TEACHING STEPS 



3a. Given incomplete definitions of terms or statements relative to characteristics 
and composition of sewag;e, complete the definition or statement with the proper 
term or information. 

(1) \ Characteristics of sewage 

(2) Composition of sewage 

(3) Effects of characteristics and composition on plant operation 



J^JQ FORM yjQ , 



ERLC 



BODY (170 Mail) 



PRESEM1ATI0N: y * " 

3a« Civsn incon^lete definitions of 
terns or statenients relatiTe to 
characteristics and ccni^sition 
of sevage> conqplete -die definition 
or statement witli the proper tern 
or infonnation« 



(l) Cbaracteristicrj of sewage ^ 



(a) Bon^stic sewage 



1^ Fresh domestic waste 
( sewage )-g3ray in color, 
odor of soapy dishwater 



2i Stale^J>^^^eptic sewage- 
dark in color, rotten egg 
. or decay^jd odor. 



(b) liidustrial waste 
i Color f rorii dytis 



2 caiendcal odor 



a Oily film 





' 3l7 


« 

(2) CGopositjlon of sewage , 

\ 






(a) ' Water 99.9J5 


1 , ■ ■ . ■ ■ 


i 1 



(b) Solids 0.1^ 



\ 



(c) Solids are organic and inorganic 



(d) Gases found in sewage are 



i Qxygm 



2 Carbon dioxide 



1 Hydrogen sulfide 



± Methane 



(e) Volatile solids are found as 
a part of sewage waste 



(f ) Biological composition of < 
sewage includes 



ERIC 



Do 



i Parasites 



2 Saprophytes 



^ Worms 



(3) Effects of characteristics and 
coBjposition^ on plant operation 



(a) Factors affecting strength 



of sewage 



i; Time of day 



2 Rate of flow 



2 latindry and meat packing waste 



4 Ninnber <?f users 



) Amount of grease in sewage 



\ 
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1 Grease retards biological 
^ action 



56 



2l Removed in prioaary claidf ier 
by skinning 



^ Placed in heated digester 



± Sknall amounts of grease nay 
be digested 



5 Large amounts of grease must 
be buried or burned 



/ 

(c) Industrial vaste 



X Nonnal dilution allows 
plants to handle industrial 
waste 



2 Special holding tanks for 
large batch treatment 
sometimes used 



3 Some c?hcanicals can destroy 
bacterial action con5)le^cly 



APPLICAnON: 



\ Students will complete WB V-3-P1, 

\ Composition and Characteristics of Sewage « 



\ 

\ 



■ ■ ■ 

EVAUJATION': . " 

Evaluate by oral, written questions and/or 
observation of student's perfoiiaance during 
lesson. This may be acccraplished *t any 
tine during lesson for iacreased effectiveness. 



CONCHJSICN (5 Min) 

SUMMARY": 



REMOTIVATION: 



\ 



STUDY ASSIGNMENT: | 

SG 3ABRS6330-V-4, Principles of Waste Treatment 
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CLASSIFIED MATERIAL 



None 
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SG V-4 \ 
WB V-4-P1 



CRITERION OBJECTIVES AND TEACHING STEPS 



5al Given a list of 20 statements and a list of 20 terms related to principles of 
sewage treatment, match -tiie terms' to the proper statements. 

(1) Physical principles and processes used in sewage treatment 

(2) Chemical processes used in sewage treatment 

(3) Principles of biological processes used in sewage treatment 

(4) Sewage treatment systems and subsystems 



ATC . 770 

AU0 72 



^RJC 



5:i 



BODY (340 Min) 



PRESENTATION: 

4a « Given a list of 20 statements 
-aiid-^a-^list^of^20 terms ^related 



to principles of sewage treatment^ 
match the terns to the proper state«- 
nents. 



(l) Physical principles and processes 
used in sewage treatment 



(a) Screening 



(b) Sedimentation 



(c) Filtering 



(d) Evaporation 



(e) Aeration 



(f) Drying 



(2) Chemical processes used in 
sewage treatment 



(c) pH adjustment 



(3), Principles of biological"^ 

processes used in sewage treatment 



(a) Aerobic 



(b) Anaerobic 



(4) i>ewage- treatment systems and 
subsystems 



(a) Oaorine 



(b) lame 



(a) Preliminary treatment 



1 Bar screens 



2 Grit chambers 



1 Ccmninutors 



(b) Primary 



0- J 



1 Miof f tanks 

i 

2 Separate settling tanks 

3 / Separate digesters 



4 Sludge drying- beds 



(c) Secondary 



1 Trickling filters 
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2 Activated sludge 
1 Contact aeration 
± Oxidation ponds 
(d) Tertiary 

1 Chanical coagulation 

2 Filtration 

3 Adsorption 

(e) Prelaminary equipment 

1 Remove large floating 
objects 



2 Removes abrasive material 



3 Reduiies size of large 
floating matter 



(f) Bar screens 



i Prevent large suspended 
materials from entering 
^ the plant 



2 Screenings from bar 
screen Bxe disposed 

of by 



2, Grinding and returning 
to influent 



b Incineration or 
sanitary landfill 



c Burial^ if other* 

means are not available 



—4^ 
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1 Allow heavy inorganic 
solids to settle frcm 
sewage influent 



2 Removes inorganic 

.materials to prevent . ' 

excessive wear on pumps 

and sludge removal equipment 



\ 



(h) CoOTninutors 



i A power driven grinder for ^ 
shredding large solids 



2 Installed at the influent 
of the plant, or at tiie 
pump station 



(g) Grit chuibfsrs 



i Grit depth should be 
checked weekly 



\ 

4 \ 



\ 



^ jit is a large vertical 
druA with kziives attached 
for cutting 



Used in conjunction 
^dth, bar screens 



(i) Parshall flumes: A device 
usek to measure the rate- 
of-Jflow of sewage entering 
the plant 



(j) Settling tanks: desired to 
detain sewiage for a/^riod 
of iime to allow ^ettleable 
solids to settle to bottom 
of tank 



(k) Digesters: Allows for 
collected settled solids 
to digest to a more stable 
compound 



/ 



(1) Drying beds: Dewaters 
sludge f rem digesters 
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(a) Secondary equipnent: 

contact aeration, trickling 
filters, activated sludge 
and oxidation ponds , Ibeae 

^ are systans that pixmote 
a biolo^cal growth lifaich 
deconjposeS solids left in 
effluent from primary 
systems 



, (n) Tertiary equipnent: 
filters, adsorbs, or 
coagulates solids from 
effluent of secondary 
syston *r> 



(o) Grease removal ' J 



Preaeration: this*, is 
a method of agxtating [ 
or stirring new sewage 
by diffusing air through 
it 



\ 
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a Minute particles cling 
to the a'ir bubbles 
and rise to the surface 
where they are akianed 
off 



10 
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b This process also 
aids '^settling and 
reduces odors 



Side walls and troughs 
should be cleaned as 
needed 



d Aeration is a contimwus 
process 



APPLICATION: 



e Dissolved oxygen^est^ 
is -run on the effluent 



2 Vacuum flotation operates 
on the saine\ principle as 
aeration^ w:ith the addition 
of suction* ^ 



Haye students coraj^let^ WB. 3ABR56336hV- 
then point out Uie equipnent on 
the trainer and have students diatinkuish 
between preliminary, primary, and secondary 
treatment and explain the opera tidbal ^ 
steps cf each. . • ' ' 

■ ■ ■ ■ \ '. /. 
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EVALUATION: 



Evaluate by oral, written questions, and/or 
observation of student's perforaance during 
lesson. This may be accoaq|>lished at any time 
during lesson for increased effectiveness. 



CONCLUSION (10 Min) 

SUMMARY: , 



RiMOTIVATiaN: 



STi:!)Y ASSICa<MENT: 

Si i/\BR-5330-V-5, Primary Waste 
T .'atniei/C 
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SGV-5 

WB V-5-P1 

Slides, Sewage Plant 

Operation 



CRITERION OBJECTIVES AND TEACHING StEPS 



5a. Observe operation of municipal sewage treatment plants during field trip and 
Practice personal hygiene and safety during field tri^. 

(1) Overview of what to.lootc for on field trip / 

(2) Safetyl and personal hygiene -j ' 

(3) Identification, function, an^d maintenance of plant and equipment 

(4) Reyiew of field trip 

I 



ATC '°^** 770 

AUG 72 
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LESSON PLAN (Port \, GmmoO COKTIKUATION SHEET 



CRITERION OBJECTIVES AND TEACHING STEPS (Continu.* 



5b. Demonstrate a knowledge of operation of preliminary and primary treatment 
systents and components by making written responses to related questions. 



(2) Operation of screens and comminuting devices 

(3) Preaeration and flotation 

(4) Measuring devices 

(5) Operation of settling tanks 

(6) Operation of digesters and components 

(7) Sludge disposal 

5c. Given the sewage treatment trainer and a schematic of a sewage plant, identify 
and operate the valves to perform designated operations. 

(1) Flow through ,comminutor, Imhoff tank, and secondary system 

(2) Mow through bar screen, separate settling tank, and secondary system 

(3) Drawing sludge to drying bed 

I 

(4) Recirculating sludge 




Course No: . 3ABRS6330 
D&ys.aS and 39 



Branch Approval:. 



Date : .21 :Z 17:./ i 



PART II 
XNTROBUCTION ( 10 Man) 



CHECK PREVIOUS DAYS STUDY' ASSISMENT 



REVIEW: 



ATTENTION: 



OVERVIW: 



MOTIVATION: 



ERIC 
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CONCLUSION (DAY 38) 

SUMMARY: 

Briefly sunmarise the min points of the lesson 



STUDY ASSIGIMENT: 

Read 6G-V-5 and answer questions on page 66 



INmoaJCTION (DAY 39) 
CHECK PREVIOUS DAYS STUDY ASSIGNMENT 
REVIEli^: 



OVERVIEW: 



MOTIVATION: 



PRESENTATION: 

5b. Demonstrate a knowledge of operation of 
preliminary and primary treatment systems 
and components by raakijig writtep responses 
to related questions. 



(l) Operation of grit removal devices 



(a) Purpose 



(b) Types 



(c) Regulating flow 



(d) Methods of removal 



' (e) Disposal of grit 



(2) Operation of screens and cciiininuting 
. devices 



(a) Screens 



1 Purpose 



2 Construction 



3 Cleaning 



4 Disposal of screenings 



(b) Coominutors 



1 Purpose 



2 Construction 



Preaeration and flotation 



(a) Purpose 



(d) Construction 



(c) Operational procediire 



(4) Measuring devices 



(a) Purpose 



^ (b) Weirs 



(c) Par shall flume 



(d) Parabolic flume 



(e) Kennison nozzle 



(f ) Venturi meter 



-(g) Venturi flume 



(h) Dosing cycle 



(i) Timing pump operation 
(5) Operation of settling tanks 
(a) Primary settling tanks 

1 Single purpose structures 

2 Rttnoves settleable solids 

3 Classified as 

a Hopper bottom 

b Mechanical sludge collection 

4 Mechanical sludge collectors must 
be operated continuously 

c 

Xb) Imhoff tanks 

9 
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so. 



1, Two compartments 



a Settling* 



fc Digestion 



2 Upper tank slopes 



3 The imhoff tank includes: 



a Settling chamber 



b Sludge digestion chamber 



£ Gas vent 



d Sludge pipe 



e Channel for flow reversal 



7S 
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4 Advantage of separating the 
settling and digestion. processes 

o 

a Settling is not hampered by 
* rising gases 



b Keeps sevage fresh in settling 
iconpartment • 



£ Ailovs for more complete 
digestion . 



linhoff tank operation 

/ 



a 'Flow reversal 



b Influent baffles distribute 
flow more equally 



c Surface scum is skimmed off 



d Sludge depth snould be 2 ft, 
below settling compartafnent 

11 



e Sludge withdrawal requirements 



f Characteristics ^of sludge 



\ 



Prevent foaming 



a Excess raw solids 



b Excess sludge withdrawal 



Tests pexrfo,rmed on the; settling, 
compartment 



a Suspended solids 



b Settleable solids 



c pH 



d BOD 



8ii 



_ _ - f- 



/ - 
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8 Tests perfoiroed on the digestion 
compartxfietit / 



■/ 



>■ .7 



/ 



•b Total solids 



/ 

/ 



c Volatile solids 



d Sludge depth 



(6) Operation of digesters and components 



(a) Decomposed sewage products 



1 Gas 



% Supernatant liquor 



3 Sludge 
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(cX Digestion of primary sludge occurs 
in three stages 



1 Highly acid stage ^ 



2 Less acid stage 



1, Liquid level (floating cover) 



2 Gas holder cover 



3 Fixed cover 



» 0 



82 
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(b) Reduces volume of sludge 



^ Fennentation (alkaline) 
stage 



(d) Types of digesters 



ERIC 



4 Uncovered digester 



14 



(e) ' Digester operation. 



1 Pre-starting inspections 



^ Check pipes 



b Check valves and stirring 
mechanism 

/ 



£ Check vacuum relief^ valve 



2 Fixed cover digesters are 
completely filled with raw 
sewage 



2 Floating covers are raised 
from the low^level supports 
during initial filling 



4 Seed digesters with partially 
or well digested sludge 
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/ 

/ 

/ 



/ 



5 Sludge being added to a digestejr 
sho4d contain a high percentagf 
of solids. 



6 Puiiq)ing too much sludge into 
a digester will 'cause foaming 



( 



7 Supernatant may be *rea**^ i 
aefationna'tr or wxthqut liaSt;" 



8 Supernatant is disposed of by 



|, Returning to raw sewage 
eqtially divided between, 
, Primary settling tanks 



b Discharging it to sludge 
beds, or lagoons >Aen solids 
content is found hi^r 
than desirable 



^ 2 Heated digesters (SS-gS^F) 



a For internal heating, keep 
water in coils below 140°? 



''O 16 



b For external heating sludge 
is puQBiped tiba:augh tubes in 
the unit, heated, and returned 
into the digester 



iO Sludge circttLation speeds up 
digestion by 



^ Mixing raw sludge and seed sludge 



b Thickens the 'sludge 



£ Reduces its moisture 



4 Assists in nmintaining 
alkaline conditions 



Releases gas 



f Breaks up scum 



I X Mechanical stirrer (agitator) 





- 








Mixes contents 




w f 




b Breaks up scum 








£ Keep grit removed frcm the 
floor of the tank 


• 






d Seeds incoming sludge 








a * 

12 Sc\m and grease is readily- 
digestible vhen kept vet and 
waim 






> 


(f ) Drying beds 






o 


1 Sludge drying beds a^c used to 

dewater and dry^ digested sltidge 
* 


if 






2 Construction features of sludge 
drying beds are 


* 


*% 

f 
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* * 


18 







^ Ground is dug to desired depth 
and grade to f om furrovrs 



b Open tile drains are laid 
in the furrows 

c Gravely 6 to 12" is placed 
on top of tiles 



d Sand, 6 to 12" is placed on 
top of gravel and leveled 



e Outside walls are constructed 
of concrete, wood 



3 Drying bed operation 



Sludge bed preparations are: 
removing sludge chunks j smooth- 
ing, cleaning and grading sand; 
placement of splash plates* 
'Blowers are installed if the 
area is below ground • Sump 
pumps are also used to remove 
excess water 
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(7) Sliidge disposa^ 



(a) Purpose 



i Prevent disease 



2 Allow room to treat additional, 
sludge 



(b) Dried sludge 



I Dry sludge may be used as fill 
J in low areas 



2 Dried sludge may be pulverized 
and used for fertilizer 



3 Sludge should not be usfd 

on crops that will be eaten raw 



(c) Wet sludge 



20 
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1 Wet sradge may be discharged 
directly from the digester to 
sludge lagoons in isolated areas 



2 Wet sludge may also be disposed 
of by transporting it in tank 
boats for dumping at sea 



(d) Sludge application 



1 Application of 8 to 12*^ of isludge 



2 Application of minimum depth 
if bed area is linited 



3 Coagulation ' 



(e) Removal of dried sludge 



1. Remove sludge when it can be 
picked up with a fork without 
excessive sand sticking to the 
underside 
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2 Removed from beds by wheel- 
barrows, tracks, or tractors 



5c. Given the sewage treatment trainer and a 
schematic of a sewage plant,' identify and 
operate the valves to perform designated 
operations* 



(l) Flow throu^ conminutor, Mibff tank, 
and secondary system 



(2) Flow thrc-igh bar screen, separate 
settling tank, and secondary ; 
system 



(3) Drawing sludge to drying bed 



(4) Recirculating slxidge 



APPLICATION: ^ 

Students will use WB V-5-Pl to answer questions 
related to preliminary and primary treatment 
systems and to operate the sewage treatiaent 
trainer. 



9 
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EVALUATION: 

Evaluate by oral or written questions and/or 
observation of student's performance during 
lesson. This may -be accomplished at any tijne 
during lesson. for increased effectiveness. 



CONCmSI(»I (10 Min) 



REMOTIVATION: 



SlUDY ASSIGNMENT-: 



Read SG v-.^RSe }3(>-V-6 
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CRITERION OBJECTIVES AND TEACHING STEPS 


6a. Following field trip to municyial and base sewage plants, list the types of 
systems and the treatment units at each plant. 


(1 ) What to look for on field trip 










(2) Safety 














(3) Operation and maintenance of secondary sewage treatment 




(4) Review of systems visited 
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LESSON PLAN (Part I, Gmtfal) CONTINUATION SHEET 



CRITERION OBJECTIVES AND TEACHING STEPS (C«ntinu«A 



6b. Given a list of incomplete statements and a list of terms or irfirases relative 
to trickling filters and oxidation ponds, complete the statements with the proper 
terms or phrases. 



(1) Basic features of trickling filters 

(2) Principles of filter operation 

(3) Factors affecting filter operation 

(4) Operational problems and controls 

■ 

(5) , Construction features of coddation ponds and lagoons 

(6) Principles of operation of oxidation ponds 

* 

6c. Using written definitions and schematic of an activated sludge plant, identify 
components relative to the plant and aaswer questions relative to operations of 
activated sludge'plants. 



(A 



(1) Components of a conventional activated sludge system 

(2) Principles activated sludge treatment 

(3) Operation cf a conventional activated sludge system 

» 

(4) Operation of a contact stabilization activated sludge system 

(5) Operation-of an extendtjd aeration activated sludge system 

6d, Following written instructions, identify.components and_ answer questions 
relative to ope|'ation of a contact aeration system. 

(1) Components of a contact aeration^system 

(2) Principles of operation cf contact aeration 



^4. 
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Course No: 3ABR56330 " Branch Approval i^d^^^^fee^^^ 

Dtya 40, 41, and 42 Date: 1?-^^" ^ 



PARISH . 

i 

INTRODUCTION (20 Min) 
CHIXK PRLYIOUS MYS SIUDY ;\SSIGNMENT 
RiiTIEJV: 



\ 



ATTrOTVON: 



J 



OYr-RVlIT//: 



MOTmirON : 
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t\ BODY (1040 Min) 

PRESENTATION 

6a* Follovring field trip* to nnmicipal and 
base sewage plants, list the types of 
systems and the treatment imits at each 
' plant* 




(l) What to look for on field trip 



(2) Safety 

I 



ft, . 



(3) Operation and- maintenance of 
secondary sewage treatment 



1 ^ 
(4) l^eview of systems visited 



APPLICATK^'f 

Have students observe oper*ation and 
maintenance, safety precautions and 
methods of I treatment on the field trip* 



.Have studeilts 
and the^ 



treatment 



list the types of systems 
units at each plant. 



^5 



CCNCUJSION (MY 40) 

SUMl^IARY: • - 

Briefly simmariae the main points- of lesson. 



SP. DY ASSIGNMENT: j 1 

Read SG-V-6 and answer questions , 



1/ 



INTRODUCTION (MY 41 ) 
CHECK PREVIOUS DAYS STUDY ASSIGNMENT 
REVIEW: 



0\1i3!Vlia: 



(OTIVA-ION.! 



96 



IRESENTATION; 



. Given a list of incomplete statements 
and a list of terns or phrases relative 
to trickling filters and oxidation ponds 
complete the statements with the proper 
terns or phrases. ' 



(1) Basic features of trickling filters 



(a) Provides secondary treatment 
of sewage 



(b) Basic structure 



1 Filter media 



2 Distributor 



i Underdrain system 



(c) Filter media must be 



1 3 'to 8 feet deep 



2 Hard and dixrable 
6 

\ 
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3 Unifoim. pi size 



Filters are classed according 
to rate of loading 



1 Lov rate 



a Normal BOD loading of 
600 lbs per acre foot 



b Continuous or intennit- 
tent dosing 



£ Seasonal unloading of 
zoological film 



d[ More complete BOD removal 
and nitrification 



2 , High rate 



a Nonnal BOD loading of 
3000 lbs per acre foot 
per day 



b Continuous dosing 



9S 



£ More total BOD removal- 
because of greater voliine 



4 Less % POD removal 
f rem given volume of 
sewage due to hi^ rate 
of flov 

9 



(2) Principles of filter operation 



(a) Aeration 



. (b) Zoological film 



(c) Aerobic bacteria 



(d) Natural shedding of film 



(e) Removal of the shedded 
film 



(3) Factors affecting filter operation 



(a) Rate of loading 



93 



\ , Volumetric 



2 BOD 



(b) Unifonnity of distribution 



1 Fixed nozzles 



2 Plotary distributor 



3^ Revolving disks 



(c) Frequency^ of application 



X -Tiitervals between dosing 
2 During periods of lov flov 
.(d) Ventilation 

\ Path of air circulation 
i 

a Vents 



ERIC 
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b Underdrain 



' \ £ Filter media pore spaces 



2; Air circulation is accomplished 
by 



a Natural circulation 



b Forced circulation 



(e)- Seasonal temperature effects 



X Biological action is 
greater in summer 



^ Natural air circulation 
depends on difference of 
air and sewage ten^rature 



3 Air circulation is upward 

in winter and downward in 
summer 



Operational problems and controls 



10 1 Ol 



(a) Operational problems 



1, Ponding 



2 .Filter flies 

3 Odors or septic film 
o4 Freezing 

(b) Opei'^tional controls 

1 Recirculation 

2 Chlorination 

3 Flooding 

4 Resting filter 

(tc) Operation of dosing siphon 
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i Dosing siphons are 
'used to supply sewage 
to subsurface filta^s 
and tricWLing filters 
intermittently 



2 The main features of a a 
dosing sii^on^include ^ 



a 



Siphon bell 



b 



Auxiliary vent 



Blow-off trap 



\ 



Main trap 



Construction features of oxidation 
ponds and lagoons 



» 



(a) 



A shallow basin with a 
maximum depth of 5 ft. 



(b) 



Sewage is discharged into the 
middle of pond 



Principles of operation of 
oxidation ponds 
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(a) Oxidation by natural process 



(b) Oxygen is supplied by 



1 Absorption from the surface 



2 Vegetation and algae from 
tlie bottom 



(c) Most efficient where 
evaporation and ground 
-seepage is high 

a 

(d) Minimum prior treatment 
is primary settling 

(e) Ponds are often used in 
series 

f 

i^) As the effluent passes from 
one lagoon to the next the 
pH increases and BOD decreases 



(g) Alternately raise and lower 
the water level about 6" 
every 10 days for mosquito 
control 
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(h) A^log is kept on the quality 
of effluent if overflowing 



(i) A weekly test should be nade 
of overflowing, lagoons, to 
include : 



1 Quahtity of overflow 

2 Dissolved oxygen - 



1 BOD 



i Suspended solidst,^ 



6 Relative stability 



APPLICATION: " 
Complete WB V-6-Pl 
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CONCLUSION . (DAY 4l) 



. SOMrtARY: 



'STUDY ASSIC»IMENT: 
Read SG-V-6,' pages. 85-107 



INTRODUCTION (DAY ^1.2) 
CHECK- PREVIOUS DAYS SltJDY ASSIGMENT ' 
REVIBv': 



0\'ERVIIi¥; 



fl MOTIVATION; 



ERIC 



IS 



\ 



PRESENTATION: 




of an activated sludge plant, identify 
components relative to .the plant and 
answer questions relative to operation 
of. activated sludge plants* 



. (l) uofliponents of conventional - 
activated sludge system 



(a) Prelimawtiy treatment equipment 



(b) Primaiy settling tank 



.(c) Digester 



(d),*/ Sludge drying beds 



(e) Aeration tanks 





(;g)^ Aerators 



107 
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(h) Sludge recirculating pumps 



/ 

(2) Principles of activatred slxidgc 
treatment * • 



(a-) Tlie' activated sludge process 
is the agitajtion of a^ 
mixture of rewage with 
■bacterially active sludge 



(b) Formation of dark-brown 
fiocv-sludge \ 

\ 



(c) Slud§c^ contains ' filamentous 
and unicellular bacteria and 
algae 



(d) Prescnc^of soological— ^ 
f o'rming bacteria 



(e) -Supply of nuti'i^hts required 



17 •< 
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1 The aeration period ^or 
diffuscr is 8 hours 



2 The' cit'ratinn period for 
mecliafiical ayration is 
12 hours 



f) factors involved in 

purification of actimtcd 
> s^iuli^t- aiv 



1^ .Concentration of solids 
ill the mixed liquor 



2 Settling race of mixed 
, liquor solids 



3 Volume of sludge return 



4 Concentration of solids 
in return sludge 



2 Qiiantxty of air required 
for A^rious loadings 



^g) The characteristics Of 
high-quality activated 
sludge are 
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i Settles rapidly 



2 Odorless 



1 Golden brown % 



4 Granular 



(h) The factors used in detennining 
the quantity of activated sludge 
are 



i Mixed liquor solids 



i Sewage strength 



1 Aeration tine 



4 Quantity of air 



(i) Plant, operation difficulties 



1 Presence of oil and 
grease 

110 
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2 Bulking of sludge 



(j) The sludge index is useful 
in deteimning efficiency of 
the aeration system 



(k) Perform the following 

steps necessary to arrive 
at a sludge index number 



1 Sludge settles 20^ volume 
per ,30 minutes 



2 Suspended solids are 
1000 PJFM (.15^) 



1 Sludge index = =: 200 
0.1% 



Operation of a contact stabilization 
activated sludge sjrstem 



(a) Modified activated sludge 
system 
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(b) Raw sewage aerated with 

actiyated sludge in contact 

mixer 



(c) Reaerating settled slitdge 
from ciarifier to recycle 



(5) Operation of an extended aeration 
activated sludge system 



(a) Race track is one type 



(b) Aeration 24-72 hours 



(c) No reacration of ciarifier 
iinderflow 



6d* Following written instructions, identify 
components and answer questions relative 
to operation of a contact aeration systm. 



(1) Components of a contact aeration 
system , ^ 
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(a) Preaeration tank 



(b) Primary .settling tank 



- (c) Digester 



(d) Drying beds 



(e) First stage aerator 



(f ) Ihtennediate settling tank 



(g) Second stage aerator 



(h) Final settling tank 



(i) Chlorination (post if needed) 



Principles of operation of contact 
aeration 
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(a) Recirculation 



i Reduce primary settling 
odors 



2 Seed incoming primary 
effluent 



2 Maintain a higher DO content 



(b) Constant blower operation 



(c) Growth characteristics on 
plates—^ 



(d) Braif aOLudge from intermediate 
and final settling tanks at 
4 hour intervals and return to 



plant influent 



(e) ^Detentdne DO content during 
eacbL shift 



24 

7 1 



(f ) Maintain dissolved oxygen 
content of 1 ppm from 
first stage aerator and 
3 ppm from second stage ' 
aerator 



APPLICATION.: 



Accomplish WB-V-6-P2 and- P3. to identify 
components and answer quiestioris 



E\'AjUJATION: 



^evaluate by oral or written questions and/or 
cjbserv'ation of student's performance during 
lesson:;^ This may be acccmpXasfiedlit any timT 
during lesson for increased effectiveness. 



CONCLUSION (20 Min) 

ftl^DIARY: 
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REMdTIVATICN: 



STUDY ASSIGfMENT: 

Read SG-V-7, Tertiary Treatment 
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PRECtASS PREPARATION 




EQUIPMENT LOCATED 
\H LABORATORY 


EQUIPMENT 
PROM SUPPLY 


cLAssirieo material 


' GRAPHIC AIDS AND 
UNCLASSiriED MATERIAL { 


None 


None 


None 

c 


SG V-7 
WBV-7-P1 



CRITEWOM OBJECTIVES AWO TEACHIWC STEPS 

7a. Giv^n-ten Incomplete written statements relative to tertiary treatment, 
complete tfie statements with proper terms or information. 



(1) Purpose and need for tertiary ti'eatment 

(2) Methods used for tertiary treatment 



770 



ERIC 



, /oo 

BODY (100 Min) 

FRESENTILTION: 

7a# Given ten imccnplete vxdtten 
atatnents relative to tertiary 
treatnent^ ccnplete the statenenta 
with proper tenas or infonnation. 



(l)' Purpose and need for tertiary 
treatnc;nt 



(a) Purtiier reduction of BOD 



(b) Ranove poisonoua chfaalcal?^ 



(c) Remove nitrates and 
phosphates 



1^(2) Methods used for tertiary 
treatment 



(a). Principles of tertiary 
treatment 



iiH . ■ 

i Adding a third step to 
prjjMuy and secondary 



ERIC 



1 May be chemical or 



(b)— Equipnent uaed 



1 Chemical feeders 



i cHloriiiatora 



i Filters 



i Aerators 



^ Nevly designed equipnent 



& Reverse osmosis 



it Ion exchangers 



(c) Chemical treartment 



1 Ujae- U9ed as a 

inpuritics 



Chlor±ne-€ strwg 
aolution is used to 
coddize poisonous metals 



(d) Mechanical treatment 



1 Efflueut passes thru 
microscreens to remove 
micro-^solids 



g Filtered throu^ 



a Anthrafilt 



b Sand or gravel 



£ Activated carbon 



3 Aeration 
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a Releases gases 



b Oxidises toxic metals 



(e) Control measures 



i Tertiary effluent is lab' tested 
for any remaining impunities 



2 Const|ait observation necessary 
for efficient plant ojeration 



1 Coal of tertiary treatment: " 
Treated effluent exceeds quality 
of receiving stream 



APPLICATION: 

Students will complete statements in Woricbook 
V-.7-PI 
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EVALUATION: 



Evaluate by oral or .written questions and/or " 
observation/of student's perfonnailce during 
lessom mis inay be adconpli^ed i|t anj tijoe 
during lesson for increased effectiveneas. 



SOMMARY; 



REMOnVATION: 



STUDY ASSIGNMENT: 
NONE 



^CONCr^SIQN (10 Min) 



Course No: 3ABR56330 
Day 4 3 



Bnmch Approval: 
Bate; 



PART n 



IHTROroCTiCN (10 Min) 
CHECK raEVIOUS DAYS STODY ASSIOWENT 

RiTvTffiW: ' 



ATjEITIOT: 



OVjO^VIEW: 



MOTIVATIOM: 




ERIC 
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BCD! (100 Mi&) 

HffiSBnATICK: 

7a. Given ten imconplete ^vritteh 
stataMnti relAtirt t» tiurtiazy 
treatment, coapleta the statMnta 

vitii proper teras or infonaatloii. . 



(l) Purpose and.naed for tertiarj 
treatoent 



. (a) Furtiier reduction of BQD 



i 

(b) Remove poiaocoua chcodcala 

■0 



(c) Howte nitrites and 
phosphjites 



(2) Methods tised for tertiary 
treatmnt 

c 



(a) Principles of tertUuy 
treatanent 



1 Adding a tbird, step to 
prinuT ^ 'Secondary 



2 tftty be chcBdcai or 
nechanical 

(b) Equipnent used 

1 caiiffliical f eieders 

J 

2 Chlcxixuttors 
2 Filters 

± Aerators 

i Newly designed equipnent 
Reverse oanosis 
1^ Ion exchangers 

(c) Chottical treatment 



1 U46di M a 

coagulant aid' in 
rmqring iaporitlea 



2 cailorixie-a strong 
•olutiLoii li ua0d to 



cDoLdUe poisonoua mt»lB 



(d)« Machanical-^treataneht 



X Effluent. passM. thru 
adcroacreeai to rq^nw 

iqicro-solida ^ 



2 Filtered throuc^ 



\ It Antiiraf ilt 



^ Sand or grarel 

\ 



£ \ Activated carbon 



1 



1 



Aeration 



il Oxidises toxic metals 



(e) Control, awasures 



1 Tertiary effluent is lAb tested 
for azqr rf—ining ia^urities 



g Ckmstant obsemttioa necessary 
f or efficient plant openitioa 



1 Goal of tertiary , treataaent: 
Treated effluent exceeds quality 
of ireceiving stream 



APPLICATION: 

Studtots will cooq?lete statements in Workbook 
y-7^Pl 



6 . 
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E7AI2JATI0N: 



Evaluate by oral or vritten qiieatloaa and/or 
ottserratioa of student's perfbrNUice during 
lesson. This nay be accoj^lished at any tim 
durlDc lesson f or iacreaaad effectiveness. 



! ' CCMCUJSICK (10 Min) 

SDMMARY: ' • 



RBfOnVATION: 



snimr assigmhent: 

NGNE 



I2f< 



J LeSSONPLAN(PMl,C«Mrd) I 
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IHr 
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f»Af|AQf«A|»H - ■ ■ 1 


1 iTS/CTS KCrCKCNCe 1 


1 .563X0 


OAT» . 1 
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SUPCRVIIOt APPtOVAL | 



OATS 



1 EQUiraENT LOCATED 
1 IN LABORATORY 


BQUIMBNT 
mOM SUFI»LY 


CLAWriSO MATERIAL 


ORAIiHIC AIDS ANO 
UNCLASSIFIED MATERIAL | 


[None 

1 


None 

1 


None 


SG V-8 
WB V-8-P1 

1 



8a. 



■ . cmTgwow oMgcTivgj >m o teacmimo mn 

Given a schematic of a sewage piant, 



ntaty points where chlorine might be 
applied and answer written questions relitlye to sewaige chlorimtion. 

(1) Prechlorination of sewage 

(2) In plant chlorination 

(3) Post chlorination 

8b. From information provided, answer written questions relative to stream 
surveys. 

(1) Purpose of stream surveys 

(2) Sampling points - ' 

(3) Assets and liabilities of streams , , 

(4) Reporting results of stream surveys 

ATC 770 ' u • • , 

'^'^ AU0 72 



BOOT (200 Mia) 



mSBIIiTION: 

- . ■ * . 

, ♦ ■ 

8«. OiTm « ichaMitic of a MNitce plant, Idmtiiy' 
pointa vhert chioriaa wdjgat ba appliad and 
anavar vzittaa quaatLooa raUtirB tb aawafa 

chlorl nation. 



( 1 ) Prechloriaatiou- of 



(a) PrechlprtnatioQ dLa tfaa'addltifla 
of diloHne to ttm plant iofluant 



1 Used dnrlnc lov flav of aawage 



i, Keepa sewage fresh 



1 Helps to prevent odors 



(b) Fonas of chlorine used 



X Oaa (^.ored in Hqiiid fore) 



2 CULorlde of line 



1 Calcim IqFpbddorite 



± Sodixn Iqrpodilorite 



(2) In plaat chlorinatioQ 



(aX Used in control of odon nben 
prevailing vindi are in the 
direction of inhabited azWa 



(b) For influent^ of trickling filters 



\ 



(3) Post chlorinatiLon \ 



\ 

\ 

\ 



\ 



(a) Reduces bacteria cou^^ 



(b) Reduces BOD 



8b « ,From infonnatioa provided^ answer written 
questions relatire to streeni surveys* 



Purpose p£ atztMua svartjs 



(a) Stream surrvyt are used to detemisvs 
a atnm* » 9bi2i,tr to reciiiTe watte 
vithbut bMdiiBif lioIlutiBd. -ISie 
sunrer ahonld also he conaidered 
when iMildiag a vm MMfe treatM&t 
plant or aaldiig a<M1tif,«; to an., 
old plant. 



(b) Streams are tested veelcLjr to 
deteraine: 



1 Turid^i^:_ 



1 Fish life 



1 Algae and ftmgus^growtfas 





\ 



4 Yegetatiop on atreot bottcn 



A* 



Sl Oil 



1 -Odor 



a RelatiTe flow as beln« lev, «v«xue, 
or hi^h, 



(c) StrMua analTMls iadudeai 



1 Dissolved oxygen (DO) 



2 Biochemical oxygen dennnd (BUD) 



3 Toq^rature 



4 Bacteriological analysis, if 
sewage effluent is discharged 
above water supply intake 



(2) Sanpling points 
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\ 



(c) Screral nilea downHitream 



(3) Assets and liabilities of streams 




(a) Good and bad streaa characteristics 



V 

X BOD is liability- (lAeii 'hii^) 

6 • 



2l Hi«^ cooceatratiQix of 00 it food 



1 la nmxm i^ter^ doccnpoaitioa it 
rapid^ and oxyim ia leaa. aolublt*. 
(SuHMr la tfaa critical aaaacn 
for stream parotection) 



(b) Sevace tr^iuttaent procedurea 

for correctipg* a polluted atreaK 

4 ' 



7 ^ I3i 



i Raboir« solida to preimt i 



j2 Reduce BCD of plant effLunt 



1 Treat to aid nitrdLf icjition 



1 Re-aeimte ptairt offlueat 



i Ghlorlratc plant- effluent 



(4) Reporting results of streaa surrey- 
Records of'streaa surveys are'ktpf 'w 
AF Form 1463, Sevage Utnitr Lot ' 
(Supplonentary) 



man: 

Its will cooqiilete VB V-e-Pi by Iflwitiiyin* 
oj a schematic of sewage plant the points of 
chlorination and answer <iue8tioos wUtiw to 
stream survey, ' , /■ 



EVAIUATION: 

\ . . . V ' 

Evmltiate bjr oral or writttn q^oatioiia aad/or 
obsenration of atudmt^a parf onance toiiig 
laaaon^ T&a Im^ ba ac^cayliabad at aj tim 
durijQc laaaon for izicraaaa4 affactlteMaa« 



^ CGNCXijaiar (20 Kin) 

SUMMARY: 



RIMOTIVATION: 



STUDY ASSIGNMENT: 

Read SG 7-9, laduatklAl viuite 
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COMPiCMCNTAHY 
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ii 
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SUPEKVISOU APPROVAL 








SIGNATURE 
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SIGNATURE 
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P^CCLASS PRCPARATiON 


CQUIPMCNT UOCATCD 
IN UASORATORY 


KQUIPMKNT 
FROM SUPPLY 


CLASSIFIED MATERIAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


None 

♦ 

* • * 


None 

h 


None 

•» 


SG V-9 ' '• 
WjB^V-9-Pl 
VfB V-9-P2 

^/ 




pRITCRION OIJECTIVES AND TEACHING STEPS , 








5a. Using related information, identify types and dangers of industrial wastes, 
and methods of testing, treating, and disposing of them. 


' (1) Types and sources of industrial wastes 

> 




/ 

/ 


.» ♦ 


"{2) Hazards of untreated waste 


<> 




/" 




(3) Lidustrial waste surveys and analyses 


. / 






(4) Methods of treating industrial wastes 


/ 

i 

f 

/ 

/ 
f 






(5) Methods of disposing of industrial wastes 

(6) Methods of testing 

- - c 




• 



^TC 770. 



LESSON FLAN (Part I, G«<Mr^) CONTINUATION SHEET 



CRITERION OUeCTIVES AND TEACHING $TEn(C«i«iiM)«4 



9b. Using related inforxnatloa, identify radioactive xnaxkings, and state 
procedures for handling and disposing of radioactive materials. 

(1) Sources of nkUoactive waste 

(2) Measuring radkactlTity 

(3) Identification of radioactive markings 

(4) Eandling and disposing of radioactive waste 
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O TC /:?J?lf, 770 A 



AUG' 72 



COURSE NO: 3ABR56330 
MY 44 



BRANCH A?m3^KL'. f^^J2fVt^Hf^ f^ 
MTE; 29 JUl 197^ 



. PART n 

imODOCTKW .(10 Mitt) 

qiECK H^mOUS'MlCS STUBT ASSIBHHENT 

/, 

REVIEtfi 



ATTENTICN: * 



0\nERVIEW: 



MOTIVATION: 



\ 



ERIC 



i3o 



BOOT (340 Hio) 



FRi^SENIATION: 



9«« Using related inf oimtioiv idoitifjr tTpes 
and dangers of ioduatrial wattes and 
methods o^ testing, treating, and disposing 

of them, ' 

\ 



(1) Types and sources of 
industrial iiastesX 



(a) Types 

i Cyanides 



ERJC 



2i Chrcodtttt coHpoundt and 
otimr toxic lietala 



i Acids and alkalies 



k Organic solrenta, phonols, 
and aniline 



£ Grt%at, oil enuldions^ and 
datergenta 



^Radioactive Waste 

(b) Sources 

1 Battery shop 

» 

^ Autonotive cleaning 
1 Vehicle repair 



± Faint shop 



£ Plating shop 



Airplane repair 



2 Airplane cleaning 



8 laundry 



ERIC 



(2) Hazards of Untreated Ifette. 

(a) Fire and «q>loaioa 

(b) Toxicity - 

(c) Ihterf ereiicf vil^ atrefn purification 

(d) Odor, slilit^ and taate 
miiiancea 

'i 

(3) Ibdustrial mate furvejrs and 
analyses 

(a) laqportance 

(b) Vlcis aeasurmnt 

(c) Saaq^Xlng 

' " \ 

\ 

(d) Analyses 

« 

(e) Effects of operating schedules 

(f ) Records 



(4) Methods of treating " 
induttrial Wstes 

(a) Geoentl types of trettnent 

i Physical 



Z Biological 



1 t^hnical 



£ lax Exchange 



(b) Treatanent for specific waste 

1 Cyanides 

IL'sourcesHBetal plating^ 
steel hardening, rust 
prevention, and stain 
renoval 



]i BangersHt source of 
danger to potable wter 
supply and in concentrations 
above 0*1 ppn, are capable 
of destroying fish life* 



£ Treataentrlagooning or 
detention for 200 hours or 
more, chlorinatioa idtfa 
line used to Maintain pH aboTe 
8.5 

7 
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2 Clironiun coapounds 

Saurces-chrcHijc. pUting, . 
brii^t dippdUif , copper 
atrippisf, mMving, and 
■etal platiiic. 



jll Btii«ert-*Tocxic to onaerdbic and 
Mrobio b«et«rU. Alto to 
iith lift and ■taldind throuj^ 
til* miter ve driide. 

& Treataent-Chroaic acid 
recoverj and reduction process 



i Adda and Alkalias . 

A Sources- pialdiag and cleaning' 
operations, coiredsd aetal, 
and coiicrete ssner pipes. 



i, Bangers-interf erei vith sludge 
digestion and biological action^ 
toxic to fish, causes corrosion. 



£ T^fBht'^teutra U sation 
(The pH^^ of Industrial waste 
should be in a range of about 
6.0 to 9.0 for adnission to 
a sanitarr s«Ner. Where botli 
asid and alkali wstsi are iixtoLrti, 
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the aiziiic of tiie two 
my provide the required 
pH correction. ) 



i Qi^tnic solventa. Phenols, and Aniline 

k source-Bilnt r«mov«l, cleaning 
of ^rcrtf t, powered groimd 
oviipomit and reaearch. 



&:3>«n«en-Create explosloa 
and toxicity haaards, interfere 
vitii acMMee treatMnt, and pollntea 
potable wftter. 



fi Treal»ent-<harical oxidation 
and biolofipal ojddation 



S. Oreaaes, Oil enulaions, ar.d Detergents 

Sourcea-rleaning of airczttft, 
powered ground equlpnent, motor 
pool, and laundzy operations. 



Diwigera-Coating of carrier syatau 
•nd treatMttt units, increases, 
B.O.D., Interferes with the • 

•fficiwicr of precipitants used 
used for sediMntatioa of Industrial 
waste. laundry waste usually carry 
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pH valuta r^ag^ fr«'9.0 to 
10.8 reloMing cari>on ditiadlde 
lAich otuae* partial tludce 

flotRtion 

fi Treatei«t-iilyaicjil and 
naatnOiiatlM af pB 



(5) Methods of diapoaiac of liduatrtal 
(4) Biimijig 



(fi) Traataent of specific vastes 

(6) Methods of Testing 
Cl) Colorinetric 

r 

Ol) ELectronetric 

■ • / 
(fi) Gravjjnetric 

(a) ^oliaetric 

(e) Sedimentation 

' 10 



. Using reUtcd infotwition, identify 
radicttctiTB naxkings and state > 
procedures for handling and 
disposing of radioactiTB pitbrials 

\ . 

(1) Sources of radioactive ««ate. 
.(a) Hospital 



(b) EUctroaic E^uipaent 



(2) Measuring, radioactivity 



(3) Identification of xmdioactlve 
markings 



^) Red S3nia>ols and letters 
\ on a yelloir background 
\r black sjabols and letters 
oki yellov background 



(b) Green '^(^lors for electronics 
equipnent. 



(4) Handling and disposing of radioactive 
waste 




(«) Hindiinc procedures 



(b)' Precautions 



(c) RadioaotiTe liquid waste 



(d) RadioactlTf solid viuite 



AFRUDCITION: 

Using wsVbock, ansiror (peetlons 
relative to industrial WMtes t^taent 
and di^9sal also answer qiaeatioiis on 
rsdioactivs imste disposal. 



. Evaluate^by- oral or written questions 
and/or observation of students 
perfonaance during lessoii. This 
nay be acc<vq>Iished at aiqr tiae 
during lesson for increased effectiTeness. 



CONCLOSIiJN (10 Min) 



SUMMART: 

•RIMOriVATICN: 

STUDY XSSICNMENTj 



^SO AFS 54, 55, and 5^ Safety All Courses 



_ _ A; 

ERIC 



AWnOVAC OPPICK A] 

TCETG/17JU 



COUMM NUMSSN 



■LOCK NUM«KN 

V 



COURSC TITLE 

Environmental Smmort Specialist 



■LOCK TITLK 

Waate Treatment and Diaposal 



Safety Practices (Day 45) 



■fiLAttnooM 



4 Hrs 



IMUOH DUKATtOti 



JL 



2 Hrs 



^AGt NUMSCR 

3( 1 



>AOe OAT« ^ 

6 June 197S 



TOTAL, 



6 Hrs 



MUMBCR 



563X0 



STS/CTS KgFgKgJUCE 
OATK 



l»ARAOKAPH 



10. 



SlCNATUR 



SUPEKVISOK APMCVAt 



28 July 1971 



OATK 



»tONATUW< 



ecu I PMCN TvLOC AT CO 
IN UABOHATOHY 



None 



PKCLAU PRgPA RATION 
CQUIPMKNT 



None 



\ . 



CLAMIPIEO MATKNIAL 



None 



SG AFS 54, 55, and 
56 

WB V-lO-Pl 
AFR 127-101, 
Chapters^ Sectioji^j 



. CWTEWOH OUeCTIVeS AHD-TEACHINO STEW ^ 

Identify general safety information by completing measurable written itefiis. 



GRAPHIC AIDS ANO 
UJlCLASSIPHDiMATEWIAL 



(1) Causes of accidents . 

(2) _ Work area safety practices 

(3) Fires and fire preyention 

(4) Electrical hazards and safety practices 
Skfety equipment 

(6) First aid „ 



ATC 770 



ERIC 



1P3 



\ 



LISION PLAM (f «i* 6«Mfd) COHTtNUATlON SHetf 



■ CKITeiHONOmCTIVe8AI«OT3ACMtW0 8TW<Cm«ltiMO*) 

Tob. Usii!« AFR 127-101, Chapter 3,\Sectl6n F, paragraph 3-23, identify sewage 
plant safety practices by listing twp safety practices from each subparagraph a 
through!* 

~ (1) Physical hazanis 

(2) Sewage gj^s hazards 

(3) Chemical hazards 

(4) Safety aquipment and djevices 



ERIC 



Course No: 3ABR56330 
Day 45 



Branch Approval: 

Date:_2 



PART n 

INTROOUCTICN (10 M^) 
CHECK PR^OUS DATS STUDY ASSIGMMEatT 
REVIEW:^ 



ATIEITION: 



0VERV33W: 



\ 



MOTIVATION: 



BQpY (il20 Min) 



FRESENXiTIQN: 



10a. Mmtify general aaf ety inf omation 

bj coi^pletjjig aeuttrable written items. 



(l) Catutes of accidents 



(a) ^ Unsafe conditions 



r 

I 



(b) Unsafe personal characteristics 



(2) Work area safety practices 



(a) Sewer maintenance safety 



l\Reni^m and replace heavy 
nanhole covers carefully 
'wad\ only with the proper 
tools . ' \ 



ERIC 



\ 



i Weid: an /approved safety belt 
Witt attac^ed^lifeline, tested 
before /each use, "when entering 
deep s4wers 
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9tation8 and 
tmtot plants safety 



1 Maintain a hig^ level 
of good houaekeeping^ 

involyea cleanliness 
of floors, windovs, walls, 
and equipment. Keep 
tools properly stored 
.when not in use* 



^ 2 Keep walkways clean and 
free f rem slippery sub- 

t stances such as grease 
and oil 



1 Take particular care 
with the electrical 
distribution system and 
facilities 



i Warning signs will be 
installed near dangerous 
machinery, or at locations 
involrLng a stuiabling hazard 



\ 

5, Sufficient fire extin- 
guishers of types approved 
by the underwriters 
laboratories* Ihey should 
be placed at readily 
Accessible locations in 
the plant 



(c) Machine guarding 



f 1 For maOam a»£tty, 

nachines vill be located 
to proride safficient 
apace for the operator to 
handle naterials and perf om 
routine job operationt witii- 
out interference f rion hia 
oim equipaent or f roa olber 
operators nearby. 



2t AH aachine xT wUl be 
f iznly aecured to floor 



1 Machines or tiieir 
appropriate parts, vlU 
be color-painted accordiiif^ 
to established standards 
such as tile TO 34 seile s 
ani Chapter 4 of AIX 
127-101, to increase 

contrast-abd^iaiproTe 

visibility tiierebj reducing 
the accident potential. 

\ 

£ All nachines that are 
belt, chain or coiq>ling 
driven will have safety 
guards 



Personal hygiene 



1^ Treat all* cuts, skin 
abrasions, and similar 
injuries pron^tly 
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i Call a doctor for all 
but clearly adaor injuries 



5 Know first-aid procedures 



4 Keep fingers out of nose, 
nouth, and eyes 



1 Be inoculated for vater- 
horn diseases 



6 After wozic, before eating, 
and at other .convenient 
tiaes, wash hands thoroughly 
with soap and hot water 



3ii . laboratory work, use 
>iphon bulb when using 
pipettes-"not^your nouthi 



a Keep hands out of sewag\ sludge, 
or other waste as much as possible 



g After handling wast*^ 
vash hands before eating, 
<irinl£ing or amoking 



12 Keep finger nails 
short andvclean 



\ 

\ 



15, 



JUL 7*ke a ahdWer before 
you leave work 



(3) Fires and fire prevention 



(a) Chanical fire hazards 



(b) Fire prevention principles 



(4) Electrical hazards and safely 
practices 



(a) Groanding 



(b) Safety power switches 



(c) Explosion prbo¥ motors 



(5) Safety equipnent 



(a) When a hazard exists or 

is likely to exists conaanders 
will- be authorized to direct 
(pqposed personnel to wear 
safety equiiment and 
clothing 



8 



(b) When job requirem 

specify li» vearing of 
protective apparel and 
devices, lids reqiiirenent 
then becomes both part of 
safety regulations and a 
condition of ea^losnent 



(c) If a adlitary person avoids 
or disregards orders to wear 
protective clothing or equipment 
required on a job, he nay be 
guilty of failing to obey 
k direct order and will be 
subject to tiie provisions of 
the Unif om Code of Mllltazy ^ 
Justice (UCMJ) - 



(d) Safety toe shoes 



Safety toe shoes or 
apiwoved fo ot or t oe 



guaz^s or both should 
be worn by personnel 
working in areas jaf 
heavy naterial ^y^T^«g 



Z Safety toe shoes are 
issued to AT civilian 
eaqployees world-wide by 
BEMO JAM TK 016 



(e) Respiratory emergency 
equipnent 
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X BreathiAf oquipnent of 
tiie filter ptd^ canister^ 
or cartridge .^pe^ is 
deaigiQed to reduce 
contudnated air to 
a safe level for breathing 



2 Hose masks 



2 Airline respirator 



± Self -contained ozjrgen 
breatibing apparatus 
vitii bottle 



5, Self-generating oxygen 
breathing apparatus 



£ Gas mask 



2 Respirator 



^ Goggles for eye protection 

0 



(f ) Safety hard hats 



X Hard plaat^c hats 
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Z, Metal hats 



(6) First aid 



(a) Specific types of wounds 



(b) Fractures and severe bums 



(c) Heart Lung resuscitation 



(d) Eiaergencies from toxic 
substances 



(e) Preyentiqo of adverse 
effects of heat 



Using AJR 127-101, Chapter 3, Section F, 
paragraph 3-23, identify sewage plant 
safety practices by listing two safety 
practices fron each subparagraiph a 
throu^ i. . 



(l) Physical haza.rds 



(a) Droiming 
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(b) liifecUoa 



(c) Aapti]pdJttioii 



(d) Bums T 

(e) Electrbcutioa 

«» » 

(f ) Slipping^ tripping^ and falling 

(g) General amchinery injuries 
(2) Sewage gas haiards - 



(a) Hydrogen sulphide 



(h) Methane gas 



(c) Carbon dioodde 
(3) CSienical hazards 



(a) Chloriie 

12 
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(b) Aeida and alioiUos 



(4) Safety equ;i:iiBent and devices 



(a) Flame arresters. 



(b) Gas buzners 



(c) Good -ventilation and 
lighting 



APPLICATION: 

Students., will supply answers to conplete 
Workbook V-lO-Pl 



EVAIUATICN: 

Evaluate by oral or written questions and/or 
observation of student's perfonaance during 
lesson, Ihis aiay be acccB9)lished at any tine 
during lesson for increased effectiveness. 



CC3NCHJSI0N (10 Min) 

SUMMARY: 

13 
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RiMOTIVATIDN: . 



STUDY ASSIGNMENT: 



Read study guide SG 3ABR56330-*VI-1 
External Corroaioa Control 
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CLASSES AND SOURCES OF 
WASTE \ 

OBJECTIVE.' 



, This study guide will assist you in becoming familiar with the 
classes and sources of waste. 

• INTRODUCtlON: 

" t 

When you leave here you may be assigned to a base sewage plant. 
" Your knowledge of classes, and sources of sewage will help you become 
abetter plant operator. The inform^ion to be covered will be under the 
.following topics: 

• CLASSES OF WASTE 

• SOURCES OF WASTE 1 

1 

CLASSES OF wAsTE 

Domestic. 

Domestic waste is liquid or semi-solid wastes from latrines, 
slop sinks, kitchens, showers and other sanitary conveniences. Storm 
run-off is not normally included in sanitary sewage. Although sewage 
contains considerable floating matter including fecal solids, paper, ' 
grease, and kitchen refuse, about 99.9% by weight of the total volume 
is water. 'Sewage generally has a higher temperature than. the water 
supply. When fresh, it is usually gray and almost odorless; stale or 

septic sewage is dark and has a rotteii or putrid smell. Ordinarily 

turbid, sanitary sewage becomes more septic as it grows older. 

Industrial. i 

Industrial waste, usually liquids such as acids, oil and metal 
cleaning solutions, results from aircraft washing and industrial operations. 
When the volume 6f waste is small, it is normally disposed of through 
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the sanitary sewage treatni'ent plant. In some cases, however, it is 



necessary that separate industrial waste treatment plants, be constructed. 



SOURCES OF WASTE 



Domestic Waste. I 

This type of sewage comes from all over the base area. It is 
from the kitchen and bath rjooms inthe base housing area. It also comes 
from the dining halls and ti^oop livii^ areas on the base. The other 
:^ource is from the buildings on base with latrines. Most of the sewage 
being treated on Air Force Base will be of the domestic class. 

Industrial Waste. 

This type of waste will be from the motor pool, aircraft washing 
area, chemical and photo laboratories, garbage' wash racks,laundries,,/ 
dry cleaner, paint shops etc. -. j. 

SUMMARY ■ ^ ' I I 

In this study guide {you* have become familiar with the classes/ 
and sources of s6wage. It is necessary that we have a safe^ sanitary/ 
method of disposal. Some ,areas of a base wipi yield both classes of ,sew - 
age. 



QUESTIONS 
] . Wha£ are the classes of; 



sew^e? 



I- 



2. Domestic sewage comes from what specific place? 

3. Industrial " ,vage comes from what specific place? 

■ ^ i \ 

4. W' ^ percent of sewage jby weight is v/ater\? 

1 ■■ 

J. Describe the make-up of industrial waste? 
REFERENCES ' ! 

1. ■ AFM 85-14, Maintenance and Operation of Sewage an^^ Industrial 

Waste Plants and Sykems \ / 

2. Water Supply and Sevjage, by Ernest W. Steiel, 4th edition. 

/ 
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OBJECTIVE 




FIELD SANITATION 



The purpose cff this study guide Is to assist you in learning field 
sanitation, its use, size, construction and operation of cesspools and 
septic tanks. 

INTRODUCTION 

In this study guide we will discuss the principles used to treat and 
dispose of small quantities of sewerage wastes. . Such processes are normally 
used at small Installations. These processes can be accomplished by means 
of cesspools, septic tanks, tile fields, and subsurface filters. The 
facilities are, for the most part, underground. The cesspool is adequate 
only for very small groups, such as those using a single building. Septic 
tanks are practical only for small installations. Both the effluent and 
sludge produced by such treatments are potentially offensive but, with 
careful design, construction, inspection and proper sludge removal, the 
facilities can be made to operate without nuisance and with minimum atten- 
tion. 

The methods for waste disposal will vary with the situation. At perm- ^ 
anent and semipermanent camps, water-borne sewerage systems, like those of 
our cities, are provided. Under field conditions, military units must 
adopt various field methods to dispose of wastes. 

These items will be discussed further under the following main topics: 

—PROCEDURES FOR DISPOSAL OF WASTE INISOLATED AND COMBAT AREAS 

—TYPES OF CONSTRUCTION AND INSTALLATION OF SOIL ABSORPTION SYSTEMS 
AND SEPTIC TANKS 



PROCEDURES FOR DISPOSAL OF WASTE IN ISOLATED AND COMBAT AREAS 

Of all types \of sewage, human waste is the most frequent carrier of 
intestinal disease germs. Special precautions must be taken in its dis- 
posal. In many permanent and semipermanent installations human waste may 
be carried off by a water-borne sewage system. In temporary camps and iso- 
lated areas, field latrines are used by the individual unfts for the dis- 
posal of human waste. 
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Latrine Location 



In Isolated and combat areas, latrines are located at least 100 yards . 
avay from the iinlt kitchens and at least 100 feet away from any water sup- 
ply source. Drainage of the^ waste into the soil must be away from the 
water source. Latrines should be dug in porous, well drained soil and 
should not extend below ground water level. A good latrine location Is 
about 30 yards from the end of squadron streets within ea^ reach. It 
should be lighted at night unless military security demaflr concealment. 

Latrine Construction 

Latrines are tised to bury excreta away from flies and to prevent fly 
breeding, soiling of the earth, and contamination of water s applies. 
Individual units are responsible for their maintenance. There should be 
enough latrine seats or spaces to accommodate eight percent of the unit at 
one time. Two linear feet are allowed for each man. Always ^construct the 
unit latrine away from the water supply to prevent contamlnat|Lon. 

Latrines should be enclosed In temporary shelters such as tents, wall 
canvases, or bnish screens. A drainage ditch Is dug around the latrine 
enclosure to carry off surface water. ^ 

Hand washing facilities should be placed at the latrine exit. These 
may be made by running rods through two cans and supporting each rod on 
two forked stakes. See Figure 1. One can Is filled with soapy water and 
the other with clear water. 

Latrines ^ 

At temporary sites deep pit latrines and urinal troughs or soakage pits 
are used. Where tight soil conditions do not permit proper sewage dis- 
posal, a pail latrine may be necessary. However, until latrine facilities 
can be furnished, straddle trenches can be used. 

STRADDLE TRENCH. A trench is dug 1 foot wide, 2h feet deep, and A feet 
long. Two feet of length are allowed per man for at least eight percent 
of the unit. For 100 men, there would be four such A foot trenches as 
shown In Figure 2* , ^ 

There are no seats in this type latrine. Boards .^can be placed along 
the sides r>f the trench to provide sure footing. When there Is no natural 
concealment or Isolation, a brush or canvas screen should be provided. 

The earth removed while digging Is plied at one or both ends of the 
trench. A paddle or shovel Is placed In each pile so that every man can 
promptly cover the excreta and paper. This Is done to reduce odors aiid 
keep files away. Toilet paper rolls should be placed nearby on pegs or 
other holders and protected from rain by a wooden <:overlng or tin can. A 
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Figure !• Hand Washing Device 
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means of washing hands must be provided. If necessary a latrine orderly is 
assigned to make certain that .excreta is covered and that there is enough 
toilet paper and sufficient water for men to wash their hands. 

Straddle trench latrines are closed before they are abandoned or when 
they are filled to within one foot of ground level. Earth is domed over 
the pit and tightly packed. If the soil is loose or sandy, it should be 
mixed with oil. The site is then marked by a sign CLOSED LATRINE. 

CEEP PIT LATRINE. This type of latrine is used with the standard 
latrine box and must conform to it in size. The standard box which takes 
care of four men is 8 feet long, and 30 inches wide- at the base. (A unit of 
100 requires 16 feet of latrine space, 2 standard latrine boxes.) The four 
holes have flyproof covers. Blocks or bars installed to prevent the covers 
from opening to a vertical position will also insure self-closing after use. 
All cracks are made flyproof by nailing strips of wood or tin over them. 
The deep pit latrine is built witli a urine trough or soakage pit. A metal 
deflecting strip is. placed where it will keep urine from soaking into the 
wood. Then the whole unit is enclosed by brush or canvas, or a large wall 
tftnt. See Figures 3 and 4. ■ 




Figure 3. Deep Pit Latrine for 50 Men 



___^]]!5_£i?-^8 ^"8" 2 feet wide and 7h feet long. This gives the latrine 
"box 3 inches of support on -all sides. The depth of the pit varies with the 
length of the time the latrine will be used. As a guide, allow 2 feet for 
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Figure A. Cross Section of Standard Latrine Pit 

cover and 1 foot additional for each week of use. (A latrine to be used 1 
week will be dug 3 feet deep.) These measurements are for average soil. 
In clay or tight soil where absorption is poor, the depth should be in- 
creased in proportion. However, rock or high ground water levels may limit 
the depth in sandy soil. A support of planking or sandbags may be, neces- 
sary to keap the sides of the pit from caving in. Drainage ditches are dug 
to lead rain water away from the pit. 

Unless the latrine pit is in tight clay soil or has been blasted from 
rock, it has to be^f lyproof ed in order to prevent fly breeding. This is 
done By digging around the pot an area A feet wide and 6 inches deep. The 
earth *is then replaced over the area, tamped down, and more oil is added. 
If burlap is not available, oil is mixed with the earth alone which is 
tamped down. If there is no oil, use clay or other well compacted soil 
moistened with water. The latrine box is then carefully fitted over the 
pit and earth is packed tightly around the edges of the box to seal any 
remaining cracks. See Figure 5. 

The only way to reduce odors and to prevent fly breeding is to keep the 
latrine clean, lid closed, cracks sealed, and make sure that the flyproof- 
ing seal is not broken. Putting lime or oil into pits is of little value. 
Burning out the latrine is of no value and will spoil the flyproofing. 
Once flies havfe entered, they can be prevented from breeding by using 
powder borax or other approved preparations. One pound of powder horex is 
used for every 8 hole latrine every 5 days. The powder should be distri- 
buted equally over the contents of the pit. If the contents are dry, add 
enough water to dissolve the borax but not enough to carry it away. If 
borax is not available, DDT or other insect sprays can be used. Care must 
be taken not to get the sprays on top of the box or lids. 
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Figure 5. Flyprooflng Deep Pit Latrine 

Latrines should be policed dally and kept clean at all times. There 
should always be enough toilet papier and water for hand washing. A holder 
should be provided with seme type of covering to keep the paper dry. When 
flies are around, keep baited fly traps outside each latrine enclosure. 
The box Itself and the seal at lt;s earthen base should be kept tight and 
repaired. The seats should be scrubbed dally with soap and water and dried 
after cleaning. The seat cover should always be kept closed when not in use 

Deep pit latrines are closed when abandoned or when filled to within 2 
feet of the surface of the pit. The box is removed, the pit is sprayed 
with an lnsec\:lclde and covered with burlap when it is available. Next, it 
^ is filled with dirt (oil soaked if the soil is loose or sandy) and tamped 
and domed 12 to 18 Inches above the surface. If hogs or dogs are in the 
vicinity, cover the pit with heavy sfortes, logs, brush, broken glass, etc., 
to keep them from unearthing tile contents. The site should not be used 
again, so it is marked with a sign CLOSED LATRINE and the date of closing. 

MOUND LATRINE. This type of latrine is used where there is a problem 
of ground water. The earthen mounds make it possible to construct a deeper 
pit. * ^ 

A mound with a box 6 feet wide and 12 feet long (minimum) is built for 
a standard four-seat latrine box. It should be high enough to meet the 
pits requirements for depth, allowing one foot from the base of the pit to 
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the ground water. First, the area where the mound is to be raised is plowed 
or dug up. Then layers of airt are built up, each' not more than a foot in 
depth. Each layer is packed, solid and the surface is roughed before the 
next is added* If the earth is dry, sprinkling each layer will make it 
stick together and pack down more firmly. It may be necessary to use revet-;- 
ment or bracing to keep the walls of the pit from caving. The size of the 
base of the mound depends upon the kind of soil used. A relatively flat 
slope is preferred. Advice from a soils engineer and heavy equipment like 
bulldozers will speed up the work. ^ 

The mound latrine' is flyproofed in the same way as the deep pit latrine. 
However, it will be. necessary to extend the tamped area two feet down the 
slope of the mound in order to get 4 feet from the edge of thp pit. Direc- 
tions for closing the mound latrine are the same as for the deep pit 



BORED-HOLE LATRINE. This type of latrine is used for sentry stations 
and other small isolated posts. It is a round hole, 1^ feet in diameter 
and 15 to 20 feet deep, covered by a one-hole box latrine or by an impro- 
vised seat sucK as an oil drum sunk into the ground with one end removed 
and the other end cut out to the shape of a standard latrine box seat hole 
fitted with a flyproof lid. A urinal consisting of 1 inch or larger pipe 
similar to that used in a urine soakage pit can be placed at one side of 
the seat. The lower end of the pipe extends into the hole, but must not 
protrude enough to be soiled by feces. Do not use the bored-hole latrine 
In shallow well areas or where high ground water level exists. 

PAIL LATRINE. Where nonabsorbent or tight soil makes a deep pit 
latrine impracticable, a pail latrine is substituted. 

A standard latrine box may be used as a pail latrine if hinged doors 
are placed on the rear, a floor added, and a pail placed under each seat. 
If the box is located in a building, it should be placed against the out- 
side wall of the building so that the hinged doors of the latrine open 
directly on the outside. The latrine seats and rear doors should.be self- 
closing and the box made flyproof. The floor of the box should be water- 
proof concrete if possible and should slope toward the rear enough for wash 
water to drain rapidly. 

A trough urinal can be installed inside the latrine building with a 
drain pipe leading into a. container outside the building. 

Pails must be removed and emptied daily (more frequently if necessary). 
The contents of the pail may be disposed of in an Otway pit, by burial, or 
by incinerator, or if possible, into a nearby manhole or sewer. Empty pails 
are replaced in latrine containing at least one inch of disinfectant. At 
suitable intervals, pails are replaced by clean ones. See Figure 6. 



latrine. 
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Figure 6. Pail Latrine in Building 



Otway Pit 

This pit is a type of septic tank used for dumping latrine pails or 
hospital bed pans . Disinfectant other than those in the latrind pails 
should not be used. 



The pit is 10 feet long, 3 feet wide, and 6 to 8 feet deep. It should 
. be located at least 100 yards from the kitchen, squadron streets, and water 
supply. The Otway pit is covered with timber on which is spread oil-soaked 
earth to make it flyproof and lightproof . A hole with flyproof and light- 
proof cover is left ae one end of the roof into which excreta is dumped. 
There is another hole 6 inches in diameter at the other eiid of the roof 
over which a standard flytrap is fixed.^ The only .way light enters the pit 
is through the hole under the flytrap; newly hatched flies making for the 
■light are caught in this trap. 

Urinals 

TROUGH. If a deep pit latrine is dug in ground Vhich absorbs liquids, 
a urine trough draining into the pit is included within the litrine enclo- 
sure. This tirough may be built of tin, galvanized iron, or wood. If it is 
made of wood, it should be lined with tar paper. The trough is U- or V- 
shaped, 10 feet in length for every 100 men, and slopes to one 'end. At the 
lower end it is connected to the pit by a short section of pipe fitted with 
fine mesh fly screen. However, the pipe may be omitted and the trough may 
extend directly into the pit if the point at which it enters is flyproof. 
This trough must be washed daily with soap and 'water. 



/ SOAKAGE PIT. If the latrine pit is in soil which absorbs liquids poorly, 
a/separate urine soakage pit should be built. This pit is-^about four feet 
aljiuare and four feet deep. It is. filled with pieces of broken rock, flat- 
tened Tin Vans, bricks, broken bottles, atvi other contact materials. See 

Figure 7. • 



SECTIONAL View 




APRON OPTIONAL 



Figure 7. Soakage Pits with Pipe Urinals (With Ventilating Shafts) 

Two ventilating shafts, 4 to 6 inches square are inserted to reduce 
odors. These shafts extend from about one foot above 3urface to within 6 
inches of the bottom of the .pit and contain a number of holes along the 
sides. The tops of the shafts are covered with f ine^^screen, straw, or 
grass to keep 'out flies. 

Urinals made of pipe, one inch in diameter or larger, are placed at 
each corner of the pit along the sides. (There should be at least 5 for 
every 100 meh.) The pipes extend 8 inches below the surface. In the upper 
end of each* pipe is placed a funnel of' sheet^metal, tar paper, or similar 
material. The rim of the funnel should be about 26 inches from the pipes 
to keep from getting clogged with cigarette butts^ paper, *etc. See Figure 
7. 

Since the soakage pit can usually accommodate 200 men indefinitely, it 
is better to surround it with a square trough urinal instead of using indi- 
vidual funnels. The trough is 6 feet square with a drain pipe extending 
from the lowermost corner to 8 inches below the surf ace^la^^the center of 
the pit. See Figure 8. Care must be taken in leveling the trough to 
assure good drainage and to prevent pooling of urine. The pipe reaches 
below the surface- to prevent contamination and to reduce odor. The urinal 
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Figure 8. ^ Soakage Pit with Trough Urinal (Without Ventilating Shafts) 
trough may be located within the latrine enclosure With the pit outside. 
Special precautions to take for urine soakage pits ^re: 



1. Change\ the grass or straw in the funnels daily. 

2. Clean the funnels with^ soap and water. 

3. ^ Change \funne Is when necessary. 

^ 4. Keep the pit free from oil or any other substance which might clog 

\ 

Wher the pit is '^o be closed, withdraw the pipes and cover the pit with 
earch. \ 

If the latrines are located out of the way, a large can or pail contain- 
ing one inch of disinfectant can be placed at the end of each squadron 
street at night for use as a urinal. Each morning the contents of the cans 
will be poured' intij» the latrines or urine soakage^ pits, and the cans washed 
thoroughly. 

TYPES OF CONSTRUCTION AND INSTALLATION OF SOIL ABSORPTION 
\ SYSTEMS AND SEPTIC TANKS 

/ 

Cc(sspools may be used for small^uantities of sewage where soil condi- 
tiong/are exceptionally good and where clogging of the surrounding soil is 
riot l|.kely. A cesspopl is a leaching well in which the walls are brick or 
masoriry laid with dry open jofhts, and the bottom of the well is left 
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unllned. Sewage flows into the cesspool and stands ;/ solids settle to the 
bottom and are digested, grease and other floating materials float on the 
top, an(l liquid^ leach or seep into the soil, / 

When the soil is clogged and the unit is ful^l, /the solids must be re- 
moved by bailing or ptimping. The- solids should be /buried where the water 
supply will not be endangered. Caustic potash (lye) will to some extent 
liquefy solids in a cesspool. However, chemical treatment is not recom- 
mended because it will not eliminate the necessit)^ for removing the contents 
when the cesspool is full and clogged. When clogging continues and cannot 
be* corrected by solids^ removal, the best solution would be to install a 
septic tank system with a tile disposal field. /See Figure 9. Leaching 
Cesspool with Wood Cover. ' / 




\ 

Figure 9. Leaching Cesspool with Wood Cover 

Location 

Since the action of a cesspool depends\|ipon its seepage or leaching into 
the surrounding soil, it should be used only^ where the soil is porous to a 
depth of at least eight (8) to ten (10) feet. To protect water sources, 
the ground water table should normally be below this elevation. In fine 
sand areas, leaching into the soil is improved by putting gravel around the 
walls and on the bottom. 
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.Additions ./-,"'■ 

A iecond cesspool ra«y be constructed wheh the first becomes filled to 
take the' overflow from, the first. In such cases, the first should operate 
as a septic tank to collect the settling and floating solids and to provide 
a trapped outlet on the connection leading to "the next leaching cesspool. 
Septic tanks may be placed- advantageously ahead of leaching cesspools In 
large installations to reduce, the quantity of solids passing to the cess- 
pools well, thereby delaying dogging and loss of leaching effect. Addi- 
tional leaching cesspools should be separated from existing cesspools by a" 
minimum of 20 feet measured between outer walls of wells. 
/ • • 

Size . .1 



. Total number and size of cesspools required depends on quantity of 
sewage and leaching characteristics of ,the total, exterior percolating area 
above the ground water table including bottoms and side walls beiow the 
maximum- flow lines . The allowable rate of sewage application per square ; 
foot per day based on the recommended leaching test is given below. Soils* 
requiring more than 30 minutes for a fall of 1 inch are unsatisfactpry for 
leaching, and some other disposal method sliould be used. 



Time for Water to Fall 
One Inch (Minutes) 


Allowable Rate of Sewage Ai^iication in Gallons 
Per Square Foot of Leackng Area 


1 

1 

^ \ 


5.3 

4 


2 


4.3 , ,' • 

'* *' 1 » 


5 


3.2 ' 


10 ^ 


2.-3 


30 


1.1 



Test 



The test for leaching should be made by digging a pit about one-half 
the proposed depth of the cesspool with a test hole 1 foot square and 18 
inches deep in the bottom. The test hole is filled with water to a depth 
of 6 inches which is allowed to drain off. Water 6 inches deep is again 
added, and the downward rate of percolatiort measured in rainufes required 
for the water surface to lower 1 inch in- the hole. 

- When cesspools are properly maintained, maintenance will be at a mini- 
mum. Solids accumulating in a cesspool must be removed, periodically and 
transEorted to a safe place for burial. To avoid clogging .and overflowing, 
cesspools should be inspected semiannually to detemine need for scum and 
sludge removal and correcting deficiencies. 

14 ' • 
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SEPTIC TANKS 



Septic tanks do not require continuous operation and may be used at very 
small scattered installaticna where sewage with floating and settleable 
solids removed can be disposed of by dilution (discharge into a body of 
water), leaching wells or trenches, subsurface tile fields, or artificial 
subsurface filter systems. Septic tknks when installed and maintained pro-;' 
perly provide an efficient sanitary /method of sewage disposal. 



Size 



The size of the septic tank is determined by the amount of sewage to hk 
disposed of. The minimum size for septic tanks is 500 gallons. Small tanks 
should have sufficient capacity to detain or hold sewage for at least 24 i 
hours at the average daily rate of flow, plus 25 percent of the daily flow' 
added for sludge storage space. One of the most important factors in deter- 
mining tha size of A septic tank i^ the number of people to be served. It 
can be designed to serve a smWll group of people in a single ^building or up 
to the largest si^.e where about 500 people can be served. Septic tanks 
serving large populations (approaching 300 or over) should have capacity 
for not less than 12 hours detention plus an extra, capacity of 15 to 25 
percent of the daily flow for sludge space. 



Operation 



/ 



Septic tanks are simple in operation. Sewage flows into a tight (non- 
leaching) tank and is detained there long enough for large solids to settle 
out. Solid matter settles to the bottom of the tank and partially decom- 
poses producing liquids and gases. Slow undisturbed flow through the septic 
tank provides for the separation of liquids and sludge and for bacterial 
^action. Tlie bacteria acting upon the sludge aye anaerobic. TJiey work only 
in Che dark and where there is little or no air. Undigested solids form a 
reSLciue of sludge on the tank bottom. From 40 to 60- percent of tlie incom- 
ing suspended solids are carried off suspended in the effluent. The tank 
inlet and outlet can be submerged to insure a reduced flow. Wooden baffle 
''uf'^^^r'^^" "^^'^ ^^^^ purpose. A submerged outlet prevents scum 
which forms on top of the surface from .passing out the effluent. The 
•effluent is the sewage waste or liquid discharged frcm the outlet. 

Inspection 

Periodic inspection is necessary to prevent health hazards f.ud nuisance. 
Inspections should be performed at.periods of high flow and as frequently 
as required by tank size and population load, but at least every six months 
to determine that: I 

1. Tank inlet and outlet are free from clogging; accumulated material 
should be immediately removed and disposed of by burying. 

. 15 
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Figure 10* Septic Tankl with Dosing Siphon 
/ , ' 1 . • , 

Depth ot scam is such that scumi is not passing out with the effluent, 
and sljUdge and scum accumulation does not exceed onerf ourth of tank \ 
capacity. ■ ^ \ < ' | ^ \ 

Effluent passing to sub^surface disposal is relatively free from 
-suspended'^ lids to a^oid clogging of subsurface pipelines and fil- 
ter beds* The quantity can be determined by the Iniioff Cone Test; 
more than one milliliter of settleable solids per liter of effluent 
..should be considered' excessive, 

4. -Appurjt:enant facilities such as dosing siphons, distribution boxes, 
and tjLle flelds^are working properly, 

' Separatiiig sludge and scum rem the liquid in ^septic tanks is difficult; 
for small tanks/ they are customarily mixed, the entire contents being re- 
moved when cleaning. The material removed contains fresh or partially 
digested sewage solids which^ must be disposed of without e^ndangering public 
health. Dlsi>08al through manholes in the nearest sewerage system as approved 
by lo^al aiithorities or burial in shallow furrows on open land is recommended. 
A dlailhragm;type sludge pump is best suited for removing the tank contents 
which ishou^d be transported in a watertight closed container. 

Colitents and effluents of septic tanks are characteristically odorous 
and offensive. Addition of lime, chlorine, lor any other' chemicals or pro- 
prietary compounds ,' is of questionable value and is not, recommended. The 
most effective means of keeping tanks working properly is through periodic 
removal of sludge and scum. 

16 
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Records 



Records should be kept of each septic tank and disposal field inspection, 
rhese should include date of inspection, sludge and scum depth, conditions 
found, and corrective action taken. 



Disposal Tile Field 

r 

Where small quantities " of sewage (less than 2000 gallons., per day) are 
involved and favorable soil conditions exist, settled sewage may be dis- 
charged into the ground through subsurface tile fields. Effluent from saall 
septic tanks installation is usually disposed of in this manner. 

PROPER FUNCTIONING. Tile fields consisting of lines of cement or clay 
tile in the ground with open joints are used for disposal of settled sewage 
into the ground. A fiber pipe, with holes bored in the lower portion to 
allow drainage, may be used for these drain lines. The following conditions 
are ^°P°^^ta"t for proper functioning of tile fields: 

1. The ground water table is well below the level of the tile field. 

2. The soil has satisfactory leaching characteristics within a few feet 
of the surface and extends several feet below the tile. 

3. The sjt^surface drainage is away from the field. 

4. The area is adequate. 

* 

5. There is no possibility of polluting drinking water supplies, par- 
ticularly from shallow dug or driven wells in the vicinity. 

TEST. Length of the tile and details of the filter trench generally 
depend upon the character of the soil. Soil leaching tests should be made 
at the site as described for leaching cesspools, except that the test hole 
should extend only to the approximate depth at which the tile lines are to 
be laid. For extensive tile fields, several tests to determine the best 
location and average condition should be made. From test results, the rate 
of sewage application to the total bottom area of the tiled trepches may 'be 
taken from the following table. Soil testing over 30 minutes, is not suitable. 

FROST LINE. Placing tile below the frost. line to prevent freezing is not 
necessary. Tile placed 18 inches below the ground* operated successfully in 
New England for many years. Subsurface tile should never be laid below " 
ground water level. 

PIPE SIZE. Design and construction should provide for handling and 
storage of some solid material, eliminating as much as practicable the oppor- 
tunity for clogging near pipe joints. Pipe 4 to 6 inches in diameter is 
recommended. The larger pipe gives greater storage capacity for solids and 
larger area at the joint for solids to escape into the surrounding gravel. 
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Time for Water to Fall 
One Inch (Minutes) 


Allowable Rate of Sewage Application in Gallons 
per oquare root per uay oi Lieacning Area 


1 


4.0 


n 


3 2 


5 


2.4 


10 




3b 
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, PIPE LAYING, To provide for free discharge, of' solids from the line t o 
the filter trench, the pipe must be laid with 3/8 inch clear openings. The 
top of the .space is covered with tar paper or similar material to prevent 
entry of gravel. Bell and spigot pipe is easily laid to true line and grade. 
Good practice calls for breaking away 2/3^ along the bottom of the bells at 
the joint and using small wood block spacers. The pipe is commonly laid at 
a slope of about 0.5 foot per 100 feet when taking the discharge directly 
from the septic tank and 0.3 foot per 100^ feet when a dosing tank is used 
ahead of the field. " ^ * . 

TRENCrf WIDTHS. Minimum widths of trenches on the basis of soils are as 
follows: 

1. Sand and sandy loam^ 1 foot. 

2. Loam, sand, and clay mixture, 2 feet. 

3. Clay vith some gravel, 3 feet* 

4. Trenches should 'preferably be not over 2 feet .deep. 

LAYOUT.' The layout of the piping system depends- on che shape of the 
available area and the slope of the surfAe. A typical layout is shown, in 
Figure 11. When tile is laid in sloping ground, flow must be divided 
equally to each lateral. Because of the ^mall slope required for distribu- 
tion lines and the advantage of having a fairly uniform depth of cover soil, 
individual lateral trenches follow tlie ground contour lines, as shown in 
Figure 12. Tile fields are generally laid out in a herringbone pattern or 
with laterals at right angles to the main distributor. The distance be- 
tween laterals should be not less than three (3) times the width of the 
trench. A distribution box at. the head of the disposal field to which the 
laterals are conu'^icted will insure equal distribution of flow. ' ^ 
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Figure 11. Typical Layout of Subsurface Tile System 
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Figure 12. - Layout of Tile Field on Sloping Ground 
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BEDS. The tile is laid on a bed of screened coarse gravel 6 Inches deep 
with 3 inches of coarse gravel 'around and over the pipe* Coarse screened 
stone passing a 2^ inch mesh and retained on a 3/4 inch mesh is recommended. 
This gravel bed gives a relatively large percentage of voids into which the 
solids may pass ancf^ collect before the effective leaching area becomes ser- 
iously clogged* The soil which fills the trench must not fill the voids in 
the coarse screened gravel -around the pipe* A 3-inch layer of medium 
screened gravel over the coarse stone and 3 inches of either fine Screened 
gravel of suitable bankrun gravel ov^r "the medium stone is recommended* 

PROTECTING THE FIELD* Once a tile field' is constructed, all traffic - 
must be excluded by fencing or posting to prevent crushing the tile* Plant- 
ing shrubs or trees over the field is not good practice since tke roots tend 
to clog the tile lines; grass over the lines assists in removing the moisture 
and keeping the soil, open. 

INSPECTION* Inspections of the field distribution boxes should be made 
at frequent intervals* If any portion of the tile field is not taking its 
share of effluent » appropriate adjustments should be made; If it appears 
that tlhe tile line may be clogged or if effluent is coming to the tile field 
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Figure 13. Plan and Section of Subsurface Sand Filter Bed 
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ground surface, the lines should be excavated, to determine the reason for 
failure or clogging. Necessary corrective action i;hould -bo taken. 

Subsurface Filters 

USE AND SIZE. If the soil will not absorb sewage sufficiently for th^ 
use of subsurface tile fields, subsurface sand filters may be required; 
open sand filters are preferred if they can be placed in an isolated. area. 
Subsurface sand filters are used only when nS isolated area is available. 
Sand filters should not be used where septiq tank discharges exceed 2000 
gallons per day, ^ These filters are individual trenches or\rect^ngular beds 
consisting^of distribution tile, filter medium, effluent collecting under- 
drain tile, and discharge line. 

SUl^RY . , , 

To improve living conditions and prevent disease, human .waste must be 
disposed of in a sanitary manner. In field maneuvers, combat, and isolated 
areas, this is done through the construction of latrines and soakage pit 
urinals . 

There are a number of different types of latr/nes and soakage pits. 
Some of these are: straddle trenches, daep pit latrines, mound' latrines, 
pail latrines, Otway pits, urine soakage pits, and urine troughs. Special 
precautions" must be taken in order to maintain tlie latrines and pits in a 
sanitdry condition. 

At semi-permanent and permane^nt installations sewage, must be disposed 
of in a manner acceptable to sanitary requirements. Primary and secondary 
treatments are used followed by chlorination , aeration, and disposal. 
Smaller installations use septic tanks and subsurface irrigation. 

QUESTIONS 

1. In what type soil is cesspools best suitable? 

2. How are solids removed from cesspools when they become full? 

3. What is the best method for correcting a cesspool when clogging 
continues and ciuinot be corrected by removal of solids? 

4. When a second cesspool is added. What is the minimum distance that the 
second cesspool can be constructed? 

5. How are solids disposed of from cesspools? 

6. What is the difference between cesspools and septic tanks? 

7. What is the mixvimum size for septic tanks? 



8* What percent of suspended solids are removed in a septic tank? 

9* List 5 conditions impoxtant for proper functioning of tile fields. 

10* What size tile pipe is recoomended and why?. 

• s 

11* If the soil will not Absorb the sewage effluent with the use cf tile 
fields, what can be installed? 

12. What is j:he purpose of dosing tanks? 

13. Latrines are located at least how many yards from kitchens? From any ' 
water supply source? , * j 

14. What percent of a unit should be provided latrine facilities? 

15. Name 5 types of field type latrines. 

16. What is the primary purpose of the Otway pit? 

17. What are the. dimensions f6r a straddle trench? 

18. How are latrines marked after they are full or the unit moves to a new 
location? 

19. How deep is the disinfectant in a pail for the pail type latrine? 

20. Give the general description for constructing a urinal soakage pit. 
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COMPOSITION AND CHARACTERISTICS OF SEWAGE 
OBJECTIVES 

The purpose of this study guide is to assist you in becoming familiar 
with the composition and characteristics of sewage. 

INTRODUCTION 

Sewage is made up of various types of waste from different areas, and 
may come from a base or a city. These different types of waste are 
^ classified as either domestic sewage or industrial sewage. The informa- 
tion concering the effects of the two classes of sewage on plant operation 
and the pomposition of the two classes will be presented under the follow- 
ing headings: 

• EFFECTS OF SEWAGE ON PLANT OPERATION ~ 

• COMPOSITION, OF SEWAGE 

This study guide may not include all the information you need to know; 
. therefore, the study of additional-material is recommended. 

EFFECTS OF SEWAGE ON PLANT OPERATION 

Domestic and industrial sewage have similar effects on plant opera- 
, tion. These effects include the clogging of pumps, coating of equipment 
with grease, reducing flow, blocking flow, creating offensive odors, 
increasing the bipchemical oxygen demand, and raising or lowering the pH. 
One important difference between the effects of domestic and industrial 
waste is that-industrial waste may kill the helpful bacteria when it enters a 
domestic waste plant In large quantities. '( 

CO^fjPOSITION OF SEWAGE 

The general term sewage is used to describe all waste materials 
flowing through the sanitary sewage system. It is largely the water supply 
of a base after it has* been fouled by many uses. 
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Sanitary Sewage ^ 

Sanitary sewagie, which is better known as domestic sewage, is. the 
liquid or semiliquid waste froni latrines, slop siniks, kitchens, showers, 
and other sanitarsT conveniences. Although sewage contains considerable 
floating matter, including fec^ solids, paper, grease, and kitchen 
refuse, about 99. 9% (by weight) of. the total flow ils water. Sewage ^ 
normally hais a higher temperature than the water supply. When sewage 
is fresh, it is usually gray in color aiid almost odorless. When sewage is 
stale or septic, it is dark in color and has a rotten or putrid odor. - 

Industrial Waste 

Industrial waste consists of liquids such as acids, oils and metal 
treatment solutions which are the result of aircraft washing and industrial 
operations. Normally, small amounts of industrial waste can be disposed 
of through the sanitary sewage treatment plant. However, it is necessary 
that separate industrial treatment plants be constructed to dispose of large 
amounts of industrial waste. 



Composition of Sewage 

Materials frequently contained in sewage are grouped under the 
following headings: 



1. 



Liquids 


2. Organic Matter 


. 3. Inorganic Matter 


a. Oil 


a. Sticks 


0 

a. Rocks 


b. Soaps 


b. Paper 


b. Gravel 


c. Acids 


c. Leaves 


c. Sand 


d. Alkalies 


d. Cotton products 


d. Metal pro- 


e. Gasoline 


e. Food stuff 


ducts 


f. Kerosene 


f. Fecal matter 




g. MUk * 


* g. Small animals , 




h. Alcohol 


h. Plastic products 




i. Solvents 


• 





SUMMARY 

. Sewage is made up of various types of waste from different areas. 
This waste is classified as either domestic or industrial. Domestic waste 
'consists of waste from latrines, slop sinks, kitchens, showers and^other 
sanitary conveniences. Imnistrial waste consists of acids, oils and metalr 
treating solutions. Industrial waste may kill helpful bacteria when it is 
disposed of .through the domestic waste treatment plant. Sanitary or 
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domestic sewage is usually gray in color„ and odorless. About 99. 9% by 
weight of ths total sewage flow is water. Sewage is made up of liquid 
organic and inorg^c materials. r 

QUESTIONS ■ - . " \ 

-h— Eow Will domestic sewage affect plant operation ? 

2. Name four sources of domestic sewage. 

3., How does the temperature of sewige compare with that of the water 
supply? 

4. ' Name three organic materials. 
, 5. Name three inorganic materials. 

6. In what way would large quantities of industrial waste affect a domes 
tic treatment plant? 

» * 

7. What percent by weight ife water in the total sewage flow? 

8. What Is the color of fresh sewage? 
REFERENCES ' 



AFM 85-14, Maintenance & Operation of Sewage and Industrial Waste 
Plants and Systems , 
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/ ' PRINCIPLES OF WASTE TREA^TaMENT 

OBJECT;iVE 

l1ie inirpose of this study guide is to aid you in learning how to process sewage, 

IJ^I'ROI^UCTION ; I j 

/ ' ' i 

^ When you graduate from this course you will be going to a base and perhaps be 
opt rating a waste treatment plant. You will understand the equipment in the plant if 
you know the principles on which it operates. The principles will be discussed under 
the following topics: 

' . I' 

TREATMENT PRINCIPLES - 

EQUIPMENT USED 

STAGES OF TREATMENT / 

This .^tudy guide may not contain all information you need to know; therefore, the 
study ofo^dditipnal material is recommended, 

f TREATMENT PRINCIPLES 

Si wa^t usually contains a quantity of undigestible inorganic or mineral matter such 
as -and, ''gravel, glass, metal, and even some large^organic matter that must be re- 
mo cd. Hie removing or grinding or shreeding of^his matter is referred to as a phys- 
ica' princ* >le. Sludge drying beds are also consider.ed a physical tre atment sine e__eyap - 
oration tai es place, and' no chemical or biological process takes place. Grease, re- 
mo ai is uiso a physical trecLtment. It can therefore be understood that any treatment 
the --I'Wagi receives other than chemical or biologic^.1 can be referred to as physical 
treatment. 



Chemical . * * - ' • 

The use of chemicals in sewage is limited. Chlorine may be used for odor control 
but It must, be added continuously and is very expensive. It is more feasible to add an 
application of copper sulfate every^ix months during peak flow. Lime and iron salts 
ma\ also be used but these only control rather than prevent odor. A dose of 5 ppm of 
cop.>er sulfate is used when the chemical is in contact with the organisms for an ex- 
tended period. It is recommended that a dose of 50 ppm be used in the sewe rs^because 
of tnc shoj t contact period. Copper st^lfate is added in the uppermost manholes during 
or jii5>t bel >re peak flow. Hydrated lime is also used in slurry form to control acid 
digestion. Sufficient lime should be added wheii the .pH of the sludge is below^6. 5. 
En^uj^h sh )uld be added to raise the pH to^7, 0. Chlorine is also used during low flow 
to kutp se '.age fresh. The plant effluent is also chlorinated in order to prevent disc se. 
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Chlorine can also be used during low flow in order to prevent filter flies. An applica- 
tion of hydrated lime to sludge during withdrawal helps reduce odors and fly breerling 
on the drying beds. 



Biological 



Biochemical Oxygen Demand (B, O, D, ) organic matter in sewage, chiefly of human 
or food origin, is unstable and changes, readily under the effects of chemical and biologi- 
cal (bacterial) action* As this organic matter d^composeff, it uses up the oxygen origi- 
nally present and additional oxygen must be sujsplied to prevent it from becoming stale 
and putrid* The quantity^ of oxygen utilized by microorganisms in the oxidation of the 
organic matter, enabling sewage to form stable compounds is called the biochemical 
oxygen demand* It is measured in parts per million (ppm)* Satisfaction of this demand 
depends on time and femperature, and B*0*D*^ tests of sewage are normally x^un at a 
standard temperature of 20°C for a five day period* B* O* D* indicates the amount of 
decomposable organic matter pr*eseht and, therefore, the concentration or strength of 
sewage* Weak sewage has, a B. O* D* of about 100 ppm; medium sewage, 200 pp^m; and 
strong sewage, SOO.ppni* , 

Bacteria in sewage are of three types: aerobes, which live a.hd develop in the pres- 
ence of free oxygen; anacrobest which live and develop in the absence of oxygen; 'and 
facultative bacteria, which are active under either condition* Almost all sewage bac- 
teria feed on o;rganic matter, and their feeding activities aid in the process of decom- 
position. . Sonrieiypes of bacterial are pathogenic, or disease-bearing; these usually 
originate in body wastes discharged by victims or carriers of inffcctious diseases such 
~as ty^oid, dysentery, and choleVa* The bacteria decompose or break down the sewage 
solids into different compounds as a result of their feeding activity* Fresh sewage con- 
tains enough free oxygen to suppprt the aerobic bacteria on the organic matter for a time. 
The prpducts of this are stable and free ffom unpleasant odors* As the oxygen dimin- 
ishes the anerobic bacteria bec6me. active, ^ca^sing unstable and odorous products* 
This is called putrefaction* Anj adequate supply of oxygen must then be introduced to 
favor aerobic activity and pronipte decomposition without nuisance* This final step is 
called oxidation* 



\ EQUIPMENT USED 



Bar Screens ! 

These are used-to protect pUmps and remove floating materials that would forni a 
heavy floatage in settling tanks* They a^e made of steel bars spaced 1/Z inch or more 
apart*^ The bars form-^a grid ths.t is .placed at an angle in the direction of flow in the 
influent channel* They are cleaned manually or mechanically* In manual cleaning, the 
screen chamber is flushed frequently with a heavy stream of water toVemove grease 
and material collected in front of and under the screen* A ].ong -handled rake is used 
to pull the screenings to the top of the screen and deposit th<!m on a draining platform* 
The mechanically cleaned screen. has a built-in rake* It either operates by a flc/at 
switch which activates the rake 'vjien there is a loss of head or pressure through the 
screen, or by an electric motor witlf gear reducers* 



Five screens with 1/4-inch 
additional quantity of suspended 
of the rotating drum or rotating 



openings or smaller are sometimes used tq'rexhove an 
solids before further treatment* They are commonly 
disk type* Cleaning is accomplished by scrubbing or 
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brushinj}, preferably with water under pressure from a h«=» uru 

clogged with grease it can be rip»n«rf -fu 1 a hose. When the screen becomes 

Bar Screen. « kerosene. See figure 1, .Mechanically Cu-aned 



Grit Chambers 



Ihc purpos.e of a grit chamber is to remove the sand, gravel, olass metal .n 1 

convov-or Thic t "loving It up by scrapers or a screw feed 

desigPcJ or operated. organic material, the .-hamber is improperly 

a.e to now durilTcf ^'"'"''"^ "^"^"^ ^ave an alternate channel'which whi allow =ew. 
age to flow auring cleaning operations. Grit must be removed from the comoartmpn/ 

figure Gril Chamber with Conveyor Removal Mechanism. 
Comm nutors s 

y 

trie r.Tr '" i'^'f f l'^"!^^ ^--^ ^^-PP^ci With cutting knivc .s n.-voKcd by an eloc - 
.rk" s unt rVe""'' through the slotted drums forces coarse solids agai st 

ti e kn , s until they are reduced to pieces small enough to pass through the slots fhe 
.tner type of . omminutor, a submerged screen shredder, is semicylindri'al in s^aoe 
and ha. cutte. s Operating within a fi.xed semicircular screen grid, i is usull V Sailed 
in co„,.,.n.tion with a bar screen which may be put in service when the .oZhiutor's 
.hut down lor repair. See figure 3, Cutaway View of Comminutor. 

Grease I^emo\al 

Py -.oration is a method of agitating or stirring new sewage by diffusing air through 
hat th T'r . installations for.^rease removal on the Principle 

hat th. .-nuil.^fied particles will cling to the air bubbles and rise to the surface Urease 
terms . :.at that can be skimmed off. A-preae ration period of fronVo L^'thre: hours 

extreme .ases is this economically feasible. The uso of *^vi<;fM- , . • . - 

j.e.i«eH ., needed .o .eep se.a^eLeh r.,::;;::,t:^:iz';::~;t:::^. 

30 ■ . 



134 



primary tanks, for reducing odors, and for mcreasing the eiffectiveness of secondary 
treatment. They may also be used as grit chambers. ^ 

Vacuum flotation as a method of grease removal has the same disadvantages, or 
limitations as preae ration. The same principle of aeration is used but with the addition 
of suction, suppliejd by a small vacuum pump, to carry solids to the surface. This 
proces5 lemoves a little more grease than primary settling alone. Vacuum flotation, 
however, is sometimes used for primary settling to '**emoVe settleable solids along with 
grease. A detention period of 15 to 20 minutes keeps sewage fresh. They may also be 
used as grit chambers. 

STAGES OF TREATMENT 

Preliminary Treatment * 

This is any treatment that is done prior to the sewage entering the primary treat- 
ment^system. The equipment used to perform this type of treatment. may vary depending 
on the strength and compositions of the sewage. The equipment used may be a bar 
screen, grit chamber, chlorination, or aeration. In general, preliminary treatment 
is any treatment or preparation that is done to sewage prior to the sewage entering the 
settling tanks. 

<• 

Primary Treatment 

Primary treatment is partial and usually consists of sedimentation. An intermed- 
iate degree of treatment between primary and secondary may involve the use of chemi- 
cals to remove suspended matter from sewage. The suspended matter is coagulated 
or formed into settleable particles. Efficiency of this treatment varies with the sewage 
and. the quantities of chemical agents used. The extent of treatment necessary depends 
on the quantity of sewage and its strength in relation to the characteristics of the 
receiving water. If primary treatment is sufficient to prevent stream pollution and 
nuisance, it is not practical or economical to add secondary facilities that increase 
construction, operation, and maintenance costs. 

Primary treatment usually removes from 30 to 40 percent of B.O.D. and from. 50 
to 60 percent of the suspended solids. The components normally found'in a primary 
plant are as follows: * . 

1. Screens - remove large suspended and floating solids^ such as sticks, rags, 
and other materials that may clog pumps or cause excessive %cum. 

Z. .Comminu^ors or grinders - 'grind the solids and return to sewage flow. ? 

3. Grit chambers - remove sand, heavy solids, and materials that would increase 
wear on pumps and clog sludge lines. 

4. Grease removal equipment - preae ration tanks, to prevent clogging filters, 
piping, and pumping equipment. 

5. Measurement devices, such as weirs, parshall flumrs, and parobolic fume 
and venturic meters, etc. Other devices are used to measure gas production. 



knttL settling tanks remove settleable solids that settk to the tank 

bottom, where they are removed in the form of sludge, 

J\- digestion tanks or digesters digest and stabilize organic matter throueh 

■ ^S:=«P"ated from the solids during digestion and is" drawn off as super- 

■ b^ttoml''""- sluc^Se becomes a relatively Wensive residue on the in " 

^ 8. Sludg.. drying bcds.-drain a^d evaporate remaining water from di«ested sludge. 
Sludge pumps are usually necessary for the transler of sludge. 
..control ,2^°"""^'°" facilities disinfect the effluent from the treatment plant and 

Primary treatment entaiLs preliminary treatment also. In the past few years in 
the waste held, people have distinguished between the two as was staged rrUer If 
there are ,o setthng tanks the plant is considered to have only preliminar; trea^rint. 

»ff. treatment is the means for further treatment of primary settline tank 

effluent by biological processes. In these biological processes. oreanL ma ef r.m.in ' 

Ta'ctTr;^ T^s'^t" ''T'' '''TT '"^^^^"'^ through ^h/fc^l'^ofTxid ^r 
sludge";oc.ss contact rl ' -"-Pl"'^*'^ by means-of a trickling filters, the actiVaid 
3 udge process, contact filters, intermittent sand filters, oxidation nonds or th* .nr., 
bina^ons of such facilities. Final settling tanks are required with the actuated s udgT* 
process, trickling filters, and some of the combined processes. For small iLt^ iT 
txons. particularly following septic tanks, secondary Treatment can be pTov ded by :;b- 

rr;tj;s:rcoml";"'%"^''' and^eaching wells ^are more for disposal than'trertment. 
t-roce^ses commonly used in secondary treatment to stabilize the soluble and finely 
divided suspended sewage solids in the primary settling tank effluent are as follows: ' 

,,nH^' T^'u,"''?." I'io^osi"! oxidation of sewage solids through beds of stone or 

tanks in ' "r^I ^"^.'"-^"-^ -"'^ are commonly used with dosing 

tanKs in high-capacity filfration. * 

2. Contact aeration - this is oxidation in the presence of organiams\hat are 
retained on surfaces of material in contact beds or'on contact plat'es. Oxygen "pro- 
vided by compressed air blown through the settled sewage while it is in the contact tanks. 

th,^ ^^^'""^^"'^ '^"'^S^ - method is a process of oxidation by ae.-robic bacteria 

Z "'^^''"S ^ °^ and activated sludge is returned to the sew- 

age entering the treatment plant to "seed" or innoculate the incoming raw sewage! 

s6il h; n,!fnr1^".'"'^^*'°r" ^PP""*^°" and disposal of tr'eated effluent to the 
sbil by means of underground open joint or perforated pipelines. 

Tertiary Treatment 

rr^.J.^)^. 'VT. """^ ^" '° y«ars. because of future require- 

ments for better water quality, tertiary treatment methods may become necessary to 
meet water quality standards. It is treatment of the effluent, or polishing aiter secondary 
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treatment for reducing residual B.O.D. . f^hosphatc anji nitrate removal These pro- 
cesses may be physical, chemical, or bidlogical in nature." Some processes used .ire: 
chemical precipitation, ion-exch?inge, actiyitid carbon absorption, membrane separa- 
tion, ammonia stripping and stabiliz^ation jfonds.. It can also be, any treatment aftvr 
siormal or present secondary treatment.^ ' • 

SUMMARY ^ - ' , * . — ^ 

In this study guide you have rfead abdut the principles of waste treatment and the 
equipmc^nt us«d. The principles being physical^ chemical, and biological. The equip- 
ment used in preliminary primary 3ccdrtdary as being; bar screens, grit chambers,^ 
ccmminutors, aerators, settling tanks, digesters, etc. 

QUESTIONS - ' ' 

1. Name the three treatment principles. 

2. How docs bacteria break sewage down? 

3. What type of unit will remove heavy ot^ganid solids' frbm sewage, such as sticks? 

4. What type of unit will remove sand and small\t6ncs from sewage ? 

5. What equipment will remove grease/ (rom sewage ? 

6. What tv/o types of equipment c^n be considered to be in primary treatment . 
n : ' . 

7. Why is chlorine added to the pUnt cfilacnt? 

8. What type of equipment is used fo^-fcrtiAry treatment? 

9. What is sc*//age composed of? >. - ^ 
REFERENCES ' I . . 

1. AFM 85-14, Maintenance and Operatix>n of Sewage and Industrial Waste Plants 
and Systems. . » ^ ' 

<» 

- 2. AFP 161 -2Q, Environmental Health Engineering Handbook 
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PRIMARY WASTE, TJ^EATMENT 

OBJECTIVE 

The objective of this study guide is to familiarize you with the units 
and fundamental principles of preliminary ^nd primary waste treatment. 

a ... 

INTRODUCTION 

When you graduate and go to another base, you may be required to 
operate a sewage plant. This study guide will aid you in learning the 
fundamentals of primary waste treatment. The treatment process begins ■ 
with the removal of sand, grit and large floating solid Materials. This 
removal of solids is kirown as preliminary treatment. The next stage of 
treatment i^called primary treatment which further processes the sewage 
to a point where it can be disposed of properly. 

Waste treatment information will be covered under the foUowinff 
topics: " ^ ^ 

• PRELIMINARY WASTE TREATMENT ' 
y •• PRIMARY WASTE TREATMENT 

PRELIMD'TARY WASTE TREATMENT 



The preliminary area of waste disposal includes the collection systems 
and pumping stations. A shredder and bar screen may be required at the 

niimm'nor sfaHnn 



pumping, station. 

Collection Systems 

r 



Collectibn systems at most installations are designed to receive sani- 
tary sewage only. Most installation collection system sewer lines are 
laid beneath the ground surface and usually include the following facilities: 
house sewer pipe, lateral sewer line, branch sewer, main sewer and force 
mains carrying sewage under pressure from pumping stations. 
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Pumping Stations ^ 

When the flow of sewage by gravity is not possible, it is necessary to 
construct pumping stations at low points to lift the sewage to a higher ele- 
vation so it can flow to the treatment plant. 

The most commonly used pumps in a sewage system are centrifugal, 
axial-flow propeller, turbine, and ejector pumps. Centrifugal pumps are 
used more than the other types-due to their simpl3<^ity, efficiency of opera- 
tion and smaller dimensions. 

Grit Chambers, Shredders and Bar Screens 

The.purpose of the shredder equipment (commihutor) is to shred solids 
so they will not clog the equipment; The bar screen will remove large 
objects which may be disposed of by other methods, such as burning or 
burying. Refer to AFM 85-14, Part D, Section 3, page 44, Maintenance 
and Operation of Sewage and Industrial Waste Plants and Systems. 

Metering"^jices 

Operators must know at all times how much, sewage is being treated to 
insure proper plant control 'and sampling. Such data provides valuable 
records for comparing plant efficiency and future information for designing 
additions to the installation. Many methods have been devised to measure 
liquids flowing in open channels and in pipes, flowing full or partially full. 
Although some equipment requires elaborate and expensive apparatus, the 
more simple and comparatively inexpensive methods are most frequently 
used. The choice of method will depend^ on plant capacity, the treatment 
process utilized, and the required degree of accuracy. 

Metering devices are subdivided into oriniary and secondary elements. 
Primary elements, such as weirs, ParsIMl flumes, and venturi tubes, 
produce a measurable change of head in liquids while flowing through the 
respective device. Secondary elements, such as float gages and indicating, 
integrating and recording instruments, measure the change in head. 

PRIMARY METERING DEVICES. Included in this group of devices are 
weirs, Parshall flumes, dosing cycle, Kennison nozzles, parabolic flume, 
venturi meters, and venturi flume. 

Weirs. Weirs are regularly formed notches or openings through 
which water flows. They axe classified according to shape as rectangular, 
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triangular, V-notch, trapezoidal or parabolic Rectangular and V- notch 
^ types are the most common. 

• 1* 

Weirs should be kept clear of debris, slime, or any fouling material 
I that would restrict the flow of liquids. The elevation of the Voir plate must 
be checked and the plate kept level. Accumulated solids behind the weir 
must be cleaned frequently. ' ^ 

NOTE: See AFM 85-14, Part D, Section 5, page 51, Metering 
and Sewage Flow. 

Parshall Flume. In open channels, theParshall flume is often used 
for measuring flows. This flume has an open and constricted channel in • 
which differences in sewage elevation above and below the constriction can 
be accurately translated into rate of flow. The surface rige is usually 
indicated and recorded by the same tjrpe equipment as used with weirs. 
^ TheParshq^ll flUme is better than the weir in that it is self-cleaning, can 
handle a wide variation of flow, and does not require as great a head .loss. 
It is particularly useful where the available head is limited. The flume 
must be kept free from debris that may catch in the flow channel. Accumu- 
lations appearing from time to time in float wells should be removed. 

• Dosing Cycle. A method of mreasurement used in plants having a 
filter dosing chamber is to install a float-actuated- mechanical device for 
counting the dosing cycles . Sewage elevations in the dosing chamber and 
rate of flow to the chamber during the dosing period must be known to con- 
vert dosing-cycle count to an estimate of flow. This method is widely used, 
but is subject to considerable error because of variations in the rates of 
flow to the chamber. The dosing siphon may remain in operation during . 
high flows, or the siphon may Jail to air lock, permitting continuous flow 
to the filter without counter operation. 

Kennison NozzleSv. Kennison nozzles measure flow through partially 
filled pipes and open channels having a wide range in-flow rates. This 
device is particularly successful f6r measuring raw sewage and sludges. 

Parabolic Flume. The parabolic flume may be used to measure free 
flows through open channels or partially filled pipes. The flume measur- 
ing section has a circular inlet and parabolic outlet. Rate of sewage flow 
is determined by the depth of sewage in the float pipe or well connected to 
the flume above the invert. A gage glass and scale may be used as the 
secondary element to indicate rate of flow. 
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Venturi Meter. The venturi meter, generally used for screened 
sewage and sludge, measures flow under pressure in pipes. The essen- 
tial part.of^the primary device, the venturi tube, has a constricted throat. 
As liqxii'd passes through the throat, its velocity increases and pressure 
* . \ decreases. The differential in pressure at the inlet and throat of the tube 
/ may be measured by secondary elements such as floats in wells connected 
to .tiies.e pressure points or by manometers or other pressure-differential 
instruments. The venturi meter has a high degree of accuracy and causes 
only a small pressure loss in the line in which it is placed. 

V 

Venturi Flume. The venturi flume, which operates on much the same 
principle as the venturi tube, is sometimes used for measuring flows! in 
sewers because it does not require special structures. Little operation or 
maintenance is required, but passages of ^he flume must be kept clear of 
slime and accumulated solids to insure continuous: operation. For the 
secondary element, a singje float- actuated recordet -may be used. 

SECONDARY METERING DEVICES. Indicating, recording, and , 
integrating instruments convert the primary measurement of head or head 
differential to terms of flow. They may indicate the momentary rate of" 
flow, continuously record the momentary rates of flow on a clock-driven 
chart, integrate or totalize the volume of flow, or perform a combination 
of these functions. The simplest type of indicating instrument is a float- 
mounted staff gage located directly over the float well. The more compli- 
cated types are eiecironically controlled and may transmit from primary 
to receiving stations by wireless means or television. These instruments 
must be designed and calibrated for ithe type and size of primary elements 
with which they are used. 

Application of Metering Devices. Many installations equipped for 
secondary treatment and chlorination have the main sewage- metering 
device located in the plant influent line. Since rate of flow at the point of 
chlorination usually differs from that at the influent, an indicating type 
meter is needed, near the chlorinating chamber for accurate control of 
chlorine dosage. A weir with a float gage or water level recorder is 
enough. 

% 

The weir may be set in the effluent\channel If it does not back up 
sewage into the treatment units. Location at either the influent or effluent 
end of the chlorine contact chamber may be made^ the effluent end being 
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preferred betfause the chamber is usually large enough to- eliminate high 
approach velocities.. A w^ir' box on the effluent line may be necessary. 

. " ipridiary* Elements, "^ewage solids accumulate in float o"r stilling 
welli; venturi rings, and behind weirs. Solids must be removea f6 msure 
• meter accuracy and avoidance of odors. • . 

Secondary Elements, instruments providing only flow indicataUon are 
"read hourly during plant attendance. Total daily flow and maximum and 
minimum flows are estimated from these readings. 'Integrators are read 
each day. at the same time, preferably at 0800 hours, and total daily flow 
is 'Obtained by subtracting previous day's reading and multiplying by con- 
stant shown on meter case. Record charts are changed daily at same 
time integrator is read.^ Maximum and minimum flo.w readings are 
obtained from the chart • 

Timing Pump Operation. Estimation of flow by timing pump opera- 
tion's sometimes desired, esijecially in-liigh- capacity filter plants and in 
activated sludge plants where recirculation c^f effluents is practiced. Cali- 
bration 9f the puiAps is necessarf for this operation.. Calibration may be 
made by the following volumetric method: 

* • > » 

# Time the pumping from a' tank or sump after" closing the inlet. ^ 

• Time the rise of sewage in a tank into wMch the pump is 4 
discharging. The head during this test must be about the same 
during normal pump operation. 

UNITS OF MEASUREMENT. Sewage may be measured either by rate 
of flow (volume passing a given point in a unit of time) or by total volume. 
Common units and equivalents are as follows: 

1. Cubic feet per second (c. f . s. ) used in recording rate of stream 
flow and flow in storm sewers. 

1 c. f. s.- = 448.^^83 gallons per minute (g. p. m. ) 

1 c.f.s. = 646,315 gallons per day (g.p.d.) 

2. Gallons per minute (g. p. m. ), used in pum^ output and sewer 
flows as a rate of flow. 
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1 g.p.m. = 0:00223 cubic fee^ per second (c. f.s.J . 

^' ■ ■ ' ' • . ■ 

= JL, 440 gallons per^day (g. p. d. ) 

3. MiUion gallons per day (m. g, d. ), used/iii total daily flows and 
may.be used to express rate of flow. 

1 m. g. d. = 1. 547 cubic feet per sefeond (c.i.s.\ 
= 694. 4- gallons per minute (g.p..m.) • 

4. Thousand gallons per day, per month, or accumulative during " 
fiscal year (for reporting purposes). - ' ■ 

1, 000 .gallons = 0.001 million gallons 

e. Cubic foot, used in storage volunae. 

1 cubic foot - 7,48 gallons \ ^ . . 

RECORDS.' The following daily records are recorded on the monthly 
report. 

• Total flow in thousands of (1000) gallons per day. 

• Maximum rate of flow in thousands of (1000) gallons per day. . 

• Minimum rate of flow in thousands of (1000) gallons per day. 



PRIMARY WASTE TREATMENT 



Aeration Units and Tanks 



In some plants, grease and oil are removed by han'd skimming in the 
settling tank. Ip larger plants, it is done in preaeration t^nks which - 
aerate the sewage and skim off floating material. Preaeration units at 
Air Force bases are operated to keep sewage in fresh condition for grit 
removaa, to reduce odors, and to improve the efficiency of secondary 
treatment. Preaeration tanks are equipped with automatic greaseremoval 
equipment. Aeration is accomplished by mechanical aerators in rectangu- 
lar tanks. , . 

30 ■ ■ 
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Separate settling tanks or clarifiers are single-purpose structures for 
.removing settleable solids from the sewage. Sludge deposited m these • 
tanks is reinoved to a sepai-ate digestion tanK or other place of disposal. 

Settling tanks, which are'classified according to. purpose, include pri- 
-mary tanks for treating raw or screened sewage, intermediate tanks 

located between two stages of biplogical treatment, and final tanks for the 
last stage of settling. They are classified according to method of sludge 

removal as hopper bottom and mechanical sludge collection tanks. Those 

designed for mechanical sludge removal may be rectangular, circular or 

square. 

RECTANGULAR. TYPE. Rectangular type tanks are shown in figure 1. 
Figure 2 is an overhead view of this tank showing the sludge and scum - 
removal equipment. Chain conveyors sweep the sludge particles accumu- 
lated on the bottom toward the sludge hoppers at the influent end. On the 
primary tank, the conveyor sweeps the entire surface of the tank, forcing 
the scum directly to the draw-off point in front of th? effluent baffle.^ . . 
Sludge hoppers are emptied by gravity or by pumping while tank remains 



in operation. 




Figure 1. Rectangular Settling Tanklnd Mechanism 
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Figure 2. Rectangular Tank Showing Skimming Action of Mechanism 

CIRCULAR TYPE. The circular type tank with mechanical sludge 
collection is illustrated in figure 3. Figure 4 ^ is a cut-in view of a circu- 
lar tank, showing the type of sludge collector mechanism. The influent 
comes through a centrally located, inverted siphon surrounded by a sub- 
merged diffuser which introduces the feed quietly, well below the surface 
distributing it evenly to all parts of the tank. ' 

HOPPER TYPE. Sludge can be removed from hopper tanks through 
withdrawl pipes without the necessity^femptyingjh^^^^ 
-operationr-Hopp-ers, wMcinace the place of a sludge collector mechanism, 
are- suitable for smaller installation. Figure 5 shows a multiple ho'pper 
settling tank. 



DETENTION PERIODS. The normal detention periods of primary and 
secondary settling tanks should be 2. 5 hours for average daily flow, except 
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Figure 5. Multiple- Hopper Settling Tank 

for activated sludge plant primary tank which should be 1. 5 hours 
Excessive detention may cause septic sewage, produce odors, and increase 
the load on secondary .treatment units. Where duplicate units are used 
long detention periods ar^ avoided by renwving one or more tanks .from 

Ha^?«n4?^i"^ ""^K ^""^^^^ ^^"^^ °^ ^ recirculating effluent from secon- 
dary units through the primary tank. When removal of solids by setUinc 

If^fi^ Ji®^^'^ "°f ^ P®^""* suspended soUds), the cause 
is determined; operators constantly look for ways to improve operafion. 

r,.n^2,^^^™J?; Good housekeeping at the settUng tank is essential to 
Zf Jni ^K^'Si, ?' unsighUy appearance. Floating solids passing 
^ of mt^r meraf ""^^ °^ ^^'"^"^ equipment; grease may cause.pond- 

«o.K^M^"^ Material Removal. Floating material must be removed once 
each shift, or oftener if present in large quantities. Some mechanical 
skimmers automatically remove material to a sump for disposal; other 
t^«S y skimming pipe, However, Thand skimming 

tool should always be used to faciUtate entrance of skimmings into the pipe 
or trough. Where skimmings are pumped to the digester, a minimum of 
sewage and wash water should go with it to prevent upsetting the digester 
fTn"?h°Ji* K q^ntities of fairly dry skimmings tend to upset diges- 

tion, they s hould be collected in a covered can with openings for drainine 

-excess- waler und haui^irarslimtary^ror incinerator. The can must not 
be placed where drainage becomes a nuisance. If a fiU is not available 
skimmings are drawn to a trench and covered with at least 2 feet of earth 
A spray of water under pressure directed against flouting material fre- 

-quently-settles-floatingnmateriali 
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. Cleaning Sidewalls. Sidewalls of channels, baffles, weirs, launders, 
and tanks are kept clean of grease and other solids by hosing, scraping, or 
brushing once each day or oftener if necessary. 

^ 

Dead ends and cqrners are brushed at* least once each shift and fine"^ 
sand and gravel are removed for burial or used as fill. 

Decks and walks are hosed at least once each day. Where piressure 
is not available for hosing, secondary effluent may be used with a portable 
pump, pressure system, or other pumping equipment. 

Grit Removal, If grit appears in channels or hoppers, grit chamber 
operation is checked. If the unit has not grit chamber, one should be 
installed if necessary. Howjever, since grit is a sign of breaks in the 
sewer system or storm water connections, the system should be checked 
thoroughly before a grit chamber is constructed. 

Sludge Withdrawl. Proper sludge withdrawl is important to settling 
efficiency. A flexible schedule of withdrawing concentrated sludge must 
be established with the following factors considered. 

The sludge's solids content should be as high as possible. This means 
a slow rate of withdrawal and stopping withdrawal when sludge becomes 
thin. 

Water volume in the digester must be reduced wherever possible 
because this volume directly affects digester operation. A decrease in 
solids content causes a larger volume of sludge to be heated, a greater 
volume of digester supernatant to be returned, and reduction of effective 
capacity. Example:. 3 pounds of dry solids pumped as a 3-percent sludge 
puts into the digester 97 pounds, or about 11.7 gallons of water; the same 
dry solids pumped as a 6 percent sludge introduces 47 pounds or about 
5. 65 gallons of water, about half as much. Sludge must be drawn slowly 
(50 to 60 g.p. m. or less) to avoid pulling light sludge and sewage to the 
intake; it is sampled during the drawing to note the consistency and obtain 
the composite sample.. A quick-opening 2-inch valve must be provided for 
sampling, if other means are not available. Sludge of thin consistency can 
be recognized from experience by correlating its appearance with sludge 
. solids test results. 

Hopper bottom tanks, used as separate settling tanks, require more 
care in drawing sludge because of the larger number of hoppers. Sludge 
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from the hoppers at the effluent end normally has a low solids content, but 
must be removed to prevent carrying over with the effluent Hoppers are 
squeegeed several times each week 'to remove adhering solids. 

The interval between removals is regulated by sewage load and 
weather conditions. Shorter intervals are required during high flows of 
r/f^nif -"^^-^^ and during warm weather, if sludge rises from the hoppers, 
removal is incomplete or too infrequent. 

tn Jl^tr^.f ''"^'i o°.T^^^ P"°^^^y settling tanks three 

. ^^"^^^ Collected in settling tanks following ^ 

standard trickling filters is drawn at least once each day, except during 
filter sloughing when more frequent withdrawal is advisible. 

Good judgment is necessary to obtain a balance between high solids 
concentration and a clean tank bottom, especially where light sludge from 
secondary processes is returned to the primary tank for resettling. 

Mechanical sludge collectors in circular tanks and all settling tanks 
for activated sludge must be operated continuously. Intermittent opera- 
tion of circular tank mechanisms cause solids to accumulate on the tank 
floor placing a large starting load on the mechanism-. Continuous opera- 
tion provides greater sludge compaction. Sludge collectors in rectangular 
tanks are not usually operated continuously although it may be done * 
especially when the sewage is strong and the rate of flow high T.he 
mechanism should normally be started from 1 to 2 hours before pumping 
tank- length governing length of this period somewhat. At least two com-' 
plete runs for the length of the tank is desirable. The tank bottom must 
be well cleaned and old sludge completely removed to the hoppers. Rising 
gas bubbles and sludge along the tank indicate incomplete cleariing or too 
long a period between operation. Hoppers in rectangular tanks should not 
be mied more than 6 inches from the top. In withdrawing sludge, 2 feet 
of sludge blanket may be left in the hopper. Where there are two or more 
hoppers, only one should be drawn at a time. 

The daily volume of sludge removed is measured by the following 



methods; 



* 

Where sludge is drawn to an open sump before pumping to the 
-digest^-y-^alculate-volume-oKhe sumpirer-foDlTDf-depth. 



— o — , %.vu.v,uxc<,i.c vuxuuic-ujT me suTup^er lOOl 01 a€pth. 

Measure depth of sludge in the sump by calibrating a rod in 
reverse so that the measurement may be made from the top of 
the sump to the surface of the sludge 




Where sludge is piimped directly fcpm the clarifier, estimate 
volume by minutes of pump operation multiplied by actual gallons 
per minute output. This requires calibration of the pumps. If 
reciprocating pump valves clog, time while-clogged is not included: 



Where floating covers are installed in digesters, check Volume pf 
-sludge pumped in several days against the above calculation by the 
rise of the cover". This procedure is one way to calibrate the 
sludge purrip. 

Methods of Control. Suspended solids and settleable solids tests are 
primary measures of efficiency since solids removal is a primary function. 
Proper operation should remove 90 percent of settleable solids and 50 to 
70 percent of suspended solids. Low solids removal may be caused by 
short circuits in the tank, incomplete removal of sludge, incomplete collec- 
tion of sludge from tank floor, short detention period causing high veloci- 
ties, or long detention periods allowing gas forma Ucx In .tank. 

BOD removal is a secondary measure of tank efficiency. Low BOD 
removal with normal suspended solids removal usually indicates septic 
action caused by an excessive detention period or incomplete sludge 
removal. Also indicative of these conditions is a pH value pf the tank 
effluent lower than that of the influent. \ 

Analysis of sludge samples for solids content, sampling the tank 
bottom for presence of solids and appearance of rising gas or sludge indi- 
cates whether or not the methods of removal are effective. 



Causes of low efficiencies must be determined and corrected; conti- 
nued difficulty is reported to higher authority for advice and cori^ection. 

RECORDS AND REPORTS. The following data is reported, monthly: 

For influent and effluent ottank; settleable solids, pH, suspended 
solids, and BOD. 

For primary tank sludge; volume removed, pH, percent solids, 
percent volatile matter. 

Changes in the-numbeiLDfJt^ks in operation. 

I 

In addition to the data required monthly, the following daily records 
are kept: I 
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Volume of sludge returned or recirculated to raw sewage or other 
plant units (refers generally to secondary sludge). 

Volume and dispostion of skimmings. , 

- Remarks on operating difficulties. 

lujhoff Tanks. The main features of the Imhoff tank are shown in 
figure 6. Serfage flows slowly through the upper (settling) compartment' 
and settleable sblids^pass through a slot in the hopper bottom into the 
lower (digestion) compartment. The slot is trapped from below by an 
overlap in the sloped walls of the hopper bottom. As anaerobic decomposi- 
tion takes place in the digestion compartment, the gases produced rise but 
are diverted by the overlapped slot into a separate-gas vent.' There the 
gases may be collected for fuel or more commonly are allowedjo escape 
to the atmosphere. Solid particles rising with the gases are similarly-.pre- 
vented from entering the settling compartment. This separation of settlings 
and digestion processes permits more efficient settling unhindered by dis- 
.turbance from rising gases, keeps sewage in the upper compartment fresh, 
makes digestion more complete, and produces a better effluent. Digested 
sludge is withdrawn by gravity (hydrostatic head), or pumiping thorough a 
sludge pipe from the bottom of the digestion compartment. A settling tank 
detention period of 2-1/2 hours for average flow is usually provided for 
Air Force installations. The speed of sludge digestion d epends chiefly on 
temperature, so the sludge- holding capacity of Imhoff digestion compart- 
ments, which are unheated, may be decreased for higher temperature and 
increased for lower temperature areas. A sludge capacity of 3 to 4-1/2 
cubic feet per capita is average'. * - 

OPERATION AND CARE' OF SETTLING COMPARTMENT. Imhoff 
tanks require regular, frequent attention to maintain efficiency and to 
:uinimi7,e odor and sight nuisances. ;, 

Regulation and Reversal of Flow. Proper distribution of the influent 
to the settling compartment is essejitial to efficient settling. • Where two 
or more units are installed, flow is distribution between units by adjusting 
the influent jgates. Properly placed dividing lines of bricks or triangular 
blocks of concrete may sometimes be used in the influent channel to divide 

-thB flOw. Leveling of-xruttet weirs is itecessary to equalize-distribution 

between units. Many long tanks, where most of the solids may tend to 
settle at the influeht end, have channels to reverse the flow, using the 
entire digestion space to full capacity. If uneven sludge distribution occurs, 
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Figures. Sectional^ View of Imhoff Tank 

m 

_ flow must be reversed each month. Settling compartments have influent 
:^^nd effluent baffles, which should not extend more than- 18 inches below 

the sewage surface. The influent baffle distributes incoming flow more 

equally across^the entire compartment. 

, Cleaning and^cunTRenioyal. Care must be taken in all tank cleaning . 
operations, to avoid. excessive stirring of sewage, which interferes with 
natural settling and may cause skinnin^sTxrpassjinder baffles. All walks, 
tops of walls, and exposed interior* walls should bVcleaned by hosing and 
scraping o'^rice a day. The channels.and tank walls of the settling "compaii:^ 
ments must be kept clean and free from grease, scum and gritty deposits. 
Scum on the surface of the' flow compartments must be skimmed off.- 
Skimmings should not be placed in gas vents, where excessive amounts 
produce odor nuisance. Skimmings should be transported claily in covered 
containers to an incinerator or sanitary fill or buried promptly with a thin 
cover of earth and recovered with an additional 6 inches of earth after 24 
hours. A spray ojf water (final effluent may be used) helps to settle float- 
ing solids in the settling compartment (see figure 7). Solids sticking to 
the uppeix^sides x^f^he-hopper bottom of the settling compartment must be^ ^ 
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Figure 7 . Water Spray Used to Settle Floating Solids 

pushed through the slots weekly or more often if necessary. A long- 
handled squeegee is a suitable tool for this purpose. cSlot cleaning is 
accomplished by dragging a heavy chain, attached to a pole, along the slot 
(see figure 8). . f , & 

OPERATION OF DIGESTION COMPARTMENT. Digestion compart- 
fient.^ in Imhoff tanks and in separate sludge digesters operate in a simi- 
lar maimer. 

Control of Sludge Level. Sludge must not be" allowed to accumulate 
above a level of 2 feet below the slot in the settling compartment. If the 
slot is not adequately trapped, it is necessary to keep the sludge level 
xtnuch lower to prevent the sludge solids from passing up through it. 
Sludge must be w ith drawn frequently enough to m aintain the proper l evel; 
smalRlraw-offs, monthly or more often, should be made, rather than 
large dra\v-offs at longer intervals. Only well-digested sludge should be 
withdrawn, Having enough in the. compartment to pre-ent acid digestion 
and foaming. ^Usually, not more than half the depth of sludge should be 
removed at ofie ti^. In northern climates, however, sludge must be 




Figure 8. Empty Settling Compartment Showing Hopper and Slot 



drawn down far enough during summer and autumn to allow ample room for 
winter accumulations when sludge digestion proceeds more slowly. The 
availability of sludge drying beds regulates withdrawal at some plants* 
Sludge must be drawn down during dry seasons to allow sufficient capacity 
in the sludge compartment for long rainy reasons when sludge drying may 
not be possible. 

Measurement of Sludge Depth. When the tank is operating at near 
capacity or there is a possibility of overloading, the depth of sludge in the 
digestion compartment should be measured or sounded weekly at both inlet 
and outlet ends of the tank. Monthly soundings are sufficient if tlie sewage 
load is less than 75 percent of rated tank capacity. The most effective 
method of sounding is the use of a pijtcher pump witVa rubber suction hose. 

A hand pump of the pitcher type is equipped with a i^ubber suction hose, 
"wluch:is marked fcrr^lBiigth^^-foDtint^^ weighiBdattheend; — With:- 
the pump in operation, the hose is lowered through the slot in the settling 
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compartment. The length of hose submerged when sludge~firsf^ppear^^ 
equals the sludge depth. A variation of this pitcher pump method involves 
the use of a graduated rubber suction tube weighted by a 4-foot steel pipe 
that forms part of the suction line. The tube is lowered through the gas 
vent instead of the slot; otherwise, *the measuring procedure is the same. 

--^A-sludge-sampl^rTlfigure y, may be usedto^mea^^ sludge depth 
lowering it through the gas vent into the sludge compartment and taking 
samples at consecutively deeper .points until the sludge lever is reached. 
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Figure 9. Samplers Designed for Collecting Sewage and Sludge 

— 'An-ir:on-plate-on-a^w^ighted-wood~block,a2J^a8 inches-squ^^ _ 
be attached to a graduated wire or chain and lowered through the gas vent. 
The plate stops when the sludge level is reached and .he distance from the 
surface to the sludge level may then be measured to determine the sludee 
depth. \ 
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Sludge Removal* Well-digested sludge is black and granular, with an" 
inoffensive tarry odor, a pH nortn^ly above 7.0 and a volatile solids con- 
tent of about 50 percent. It drains and dries readily on sand beds and does 
not breed flies on beds during drying periods • Digested sludge must be 
drawn off slowly to allow the mass to settle evenly and p'revent the forma^ 
tion of a cone above the sludge outlet. Such a cone would permit partially 
digested sludge or even raw sewage to be^withdrawn, creating odor nuisance 
and sludge drying difficulties. ^ -'^^ r ; 

If the outlet pipe clogs ,. flow.-may be started by applying recirculated 
effluent or water underi^pressure (not connected to the potable water * 
system) through a hose immersed in the sludge riser pip^. Opening and 
closing the sludge valve may also relieve^ clogging. Sludge may also be 
agitated or stirred with long rods inserted through slots, gas vents, or 
riser pipe. After sludge is withdrawn, the sludge lines must be flushed 
out or filled with water (unless there is danger of freezing) to prevent dry- 
ing and hardening of solids in the pipes. 

r Gas Vents or ScuAi Compartment* Solids rising with digestion gasoi? 
accumulate and form scum in gas vents* This scum" must be broken up aj 
frequently as necessary to allow the entrapped gases to escape and floating 
matter to drop back into the digestion compartment. One or more u£ the 
following methods may be used: breaking up the sdim with a'rake or hoe; 
hosing scum with water under pressure using a fine spray; keeping the 
scum wetted down with water, or preferably liquor fi om the digestion com- 
partment by means of a. portable pump. The use of large quantities, of 
water should be avoided because it creates subcurrents. Heavy dry scum 
should be shoveled off when 2 to 3 feet deep and placed on drying beds. In 
cold weather, frozen scum must be removed frequently so that gas escape 
is not blocked. 

Foaming. Foaming is indicated by the rise of large amounts of black , 
sudsy, offensive scum in the upper part of the digestion compartment, in 
gas vents, and in some cases, through the slots. Acid digestion, with a 
lowering of pH and the formation of gas with a high carbon dioxide content, 
follows this condition; if it is not checked, the foam may overflow into the 
settling compartments and carry with it suspended solids from the diges- 
tion chamber. 

Causes. Foaming occurs when raw solids accumulate faster than they 
can be digested and is usually brought about by the following: 
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1. starting the tank without first seeding the sludge with well- 
digested matter; this is especially applicable when new tanks are 
placed in service. " 

2. The change to warmer weather from low winter temperatures 
/ when thei'e has been a lack of; digestion. 

3,. Excessive withdrawal of digested sludge. 

'4. High grease content of sewage solids and high calcium soap con- 
tent from hard waters. 

5.. Insufficient digestion capacity. 



Controls . Careful operation will usually prevent foaming. If it' 
occurs, the following methods wir control or minimize- it: 

1. Mixing digested sludge with raw sludge before starting the tank, 

2. Periodic heavy hosing or use pf a continuous water spray to 
break u'p the foam. 

3. Application^of sludge or sludge liquor from the hopper bottoms to 
the gas- vents by means of an air lift or portable pump, thus. mix- 
ing the foam with digested sliidge. 

« ^ 

. 4. Addition. of hydrate lime slurry if sludge pH is'belov^ 6.5. Add 
sufficient lime in this suspension direct to the sludge compart- 
«ment by means of a pipe inserted into the gas vents at different 
points. Add sufficient lime to adjust the pH to 7. 0. 

i • • ■ V 

5. Putting the tank out of service until the foaming subsides, which) 
is the most effective method when at least one other tank is avail - 

• abl^, or reducing the flow to the foaming Imhoff tank avoiding a 
det€|ntion of more than 6 hours to prevent septic conditions. 

6. Drawing off incompletely digested sludge if the compartments are 
heavily loaded; an application of hydrated lime to the sludge dur- 
ing wi^thdrawal helps to reduce odors and fly breeding on the dry- 
ing beds. 
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7. \yhere digester capacity is inadequate and additional qonstrudtion 
is delayed, building deepTtemporary lagoons that will prpvid§ 
additional digester capacity and are equipped for sludge removal 
to drying beds. * 

.CONTROL METHODS FOR IMHOFF, TANKS 
/ • , ' ' ' ^ ■ '""^^ 

■ ^ Settling Cdmpartmerit. • the settling pdmpartment is. controlled in 
smaller plants by settleable solids tests and pH .determinations. Tests for 
svispended solids and BOD are added for larger plants. Normal operation 
should resist in a settleable isolids reduction of 90 p'ercent^.or more, a sus- 
j)ended solids reduction of 50 to 70 percent, and a BOD reduction of 30 to^ 
40-^ercent. Causes for lower .efficiencies should be determined and cor- 
rected. 



Digestion Compartment. Digestion compartment control is guided by 
"^weekly pr monthly sampling of sludge depth antf sampling of digested sludge 
' at the bottom of the compartment before sludge is drawn to the drying beds. 
Tests for sludge pH are made at all plants, and fests for, tbt.al. solids and 
volatile solids at" larger plants when directed. Experienced operators can 
-tell when sludge is well digested bf its granular ajppearance and tarry 
odor. ^ / - ' 

Oil and Grease in,Sewag^ Flow. Oil and grease ini raw sewage fenter- -> 
ing an Imhoff tank or other freatment/unit causes difficulties such as inter- 
ference with" digestion, floating 5f solids, and irjcrease of BOD. Such, 
wastes sho'ild be intercepted before entering the sanitary sewer system, 

. ■ . - ^ 

Digesters . . " 

Qrganfc matter in sludge furnishes food for bacteria and""other micro- 
organisms; while, passing through thepi, it .breaks down into -simpler and . 
more stable substapces. This is thie basis of the sludge digestion process, 
which produces thl^ee final products: digested sludge, svq>ernatant liquor , 
and gas. Digestion r-edjices 1;Jie volume of sludge to be handled,. Simplifies 
disposal, and .provides' a more stable and inoffensive product that under 
6ertain conditions may b6 used as.a.soil conditioner. The Qrganic matter 
in sludge is reduced to simpler and more stable forms. and a considerable 
part of the solids are changed to liquids and gases. Digested sludge is 
dried on drying beds;, supernatant liquor, is returned to the raw sewage 
entering the plant; gases are burned pr used to provide heat or power for 
the digester or treatment plant. Gas may also be used to operate gas 
engines for pumping or other plant purposes. ' , <. 



There are three types of digestion tanks. They will'be covered in the 
following paragraphs. ■ " . 

UNCOVERED TANkI. Uncovered tanks are usually hopper-bottom 
tanks without gas collectioitor heating equipment.. They are used on small 
units or for storing partly or fully digested sludge from other digesters. 

^FKED"G0V-ER TANKS. Fixed- cover tanks-may-be-used for-e^nomy^ 

.on single, two-stage, orL4M)r:SJfcory_dig€stion-tanks7^^I^^^^^ 
that thcybe used under conditions where snow and ice would interfere with 
, the movement of floating covers. Because the fixed- cover digester must 
be :kept full to keep out air, withdrawal of supernatant liquor must be done 
at ihe same time and in the same amount as the addition of ^resh. sludge. 

Digesters of this type are usually concrete structures with .sloping 
bottoms; they may or may hot .be equipped for heating and mixing sludge . 
and for scum- breaking. The cover may be a flat or domed concrete slab 
with or without space for gas between it and the liquid level in the tanTc, 
. More commonly, gas space is provided by a small dome of concrete, 
usually located in.the center of the cover (see^figure 10). The gas dome 
and seal are usually connected to a boiler 'or waste burner and must'always 
be provided with a flame arres Heating the sludge is accomplished-by-^ 
external heating or by passing «. water through ^pipes arranged in coils 
near the inside walls or hung from the roof of the tank, External sludge 
Heating is a more recently developed method of maintain proper sludge 
• teo^dratures. - 

* FLOATING ^OVlilR TANKS. Floating cover tanks are of two kinds ' 
- one is equipped with a"cover that "float's" on or moves up and down with 

the liquid level in the tank; the other has a gas-holder cover thSit is sup- ' 
" . ported by the gas pressure in the tank. (See figure 11. ) " ' , . 

CAUTIQN: Sludge must" riot 'be withdrawn frotfi a floating 
cover tank when the coVer is at its lowest position and 
rest^g on its sujpport brackets. 

STAGES/ There are three stages in the digestion of fresh sludge,- 
due to the fact'that the compounds in sewage breakdown or decompose at 
• different rates* A highly acid stage marked by a lower pH and production 
of gas wlth,a high carbon dioxide content is soon followed by a less acid 
stage,, and finally by a fermentaflon stage in which the pH rises towards 
the alkaline-side of the pH scale, After the third stage is reached, BOD 
decreases sharply',' most of the floating solids have settled and methane 
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gas is produced in volume. In a properly operated digester , the three 
stages proceed simultaneously on the solids in the order oflheiii^ge in the 
digester. When a digester is placed into service, the first two sta^es^re- 
vail for some time, with the* third stage starting later. After the third 
stage is established, fresh sludge may be added without appreciably affect- 
ijjg the ^racteristies of the tank contents. The. three stages gradually 
.rfie rge unt i l little evidence of the acid stages remains. Rapid digestion 
follows with heavy evolution of gas with high methane content. The" result- 
ing sludge is relatively stable and can be handled without any considerable 
odor nuisance. 



TEMPERATURE. Temperature determines the i^ate of digestion. 
Mesophilic digestion, which progresses best between 40 and 105°F, is 
generally used. Above 105°F, the organisms of mesophilic digestion 
become^ inactive and thermophilic digestion occurs. The latter range is 
not presently used because of the odors and operating difficulties. Approxi- 
mate time of digestion at different temperatures can be determined from 
figure 12. Between 90° and 100°F, well-digested sludge is produced in 
about 24 days. At 85° F, 90 percent of digestion is completed in 26 days; 
at 75°F, 35 days; and at 55° F, 65 days. High temperatures are more 
difficult to naaintatn and require considerable heat transfer, especially in 
theL.cold climates. The practical operation range is between 85° and 95°F. 
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Figure 12. , Time Required for Digestion of Sewage Solids 
at Different Temperatures 
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NOTE: Detailed information and materials covered to this 
point in the study guide may be found in AFM 85-14, Main- 
tenance and Operation of Sewage and Industrial Waste 
Plants and Systems,, Part D, Sections 2 thru 8, pages 41 
thru 100. 



DIGESTER OPERATION - GENERAL INFORMATION. The type of ^ 
tank, disposal facilities, and season of year govern digested sludge with- 
drawl. Some digested sludge should be left in the tanks to seed the incoming 
raw ;sewage and maintain balancefd alkaline fermentation. 

' \ ■ • ■ ' - 

yell-digested sludge is usually g^nular,- has an odor similar to that 
of tar,, and is dark in color. Gray or light brown stripes in the sludge are 
^igns |)f incomplete digestion. 

Tliesewage gas is commonly used for heating water to maintain diges- 
ter temperatureT^other uses include building heating, laboratory burners, ' 
screenings^ and grease incineration, or fuel for gas engines driving pumps , 
blowers or electric generators r ^Excess gas is burned in a waste gas 
burner. ^ 



Special gas burners, usually ijistalled at the treatment plant, have a 
pilot line, burning eithei* digester or domestic gas and a digester waste gas 
supply line. K digester gas is used for the pilot line, the pilot line con- 
nects from 'the waste gas line ahead of the pressure relief and flame trap 
assenibly to provide a constant source. 



. Some safety devices found on digesters are drip traps for collecting 
moisture in the digester gas lines. Pressure- vacuum relief units for 
ifelief of pressure in the digester and to allow air to enter the digester if a 
vacuum is produced. A means to stop flames which might cause digester 
explosio.n is provided by a flame arrestei*. 

Boilers are sometimes provided to heat water which is circulated 
through thejsludge digester to heat the sludge. The boiler should be 
operated at a temperature of 180°F to prevent excessive moisture in the 
flue. Circulating water is kept at 140°-F or less by the thermostatically 
controlled three-way valve which mixes the water from the boiler with the 
.cooler wateill direct from the coils of the digester or by manual setting pf 
valves in the lines. 



Many gas distrilpution systems have gages or manometers to measure 



the actual gas 



pressure in various parts of the system. By observing these 
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rages, the operator can teU when there is moisture in the system. • , 
Normally, three gages are used to measure pressure; at the digester, 
point of use, and supply to the waste gas burner. 

8. 

Records must be kept on the digester and gas equipment, to help the 
operator keejp the systeni in good operating condition and to provide for the 
proper management of sludge, supernatant liquor, and gas. 

Sludge Drying Beds • ^ . 

Sludge is removed from digester or Imhoff tanks to drying beds or a 
mechanical filter where the digested sludge is dewatered and dried. This 
process may be accomplished through the use of drying beds or raechanir 
cal filtration. .The dried sludge may then be disposed of in several differ- 
ent ways. It will be necessary to keep accurate records of the operation 
on a monthly operating log. o 

Well-digested sludge from the separate sludge digester or Imhoff tank 
has a water content of 90 to 96%. Digested sludge is generally dewatered 
at the treatment plant by underdrained sand and gravel beds, although 
natural sand areas are sometimes used. This sludge drying takes place 
both by evaporation from the surface and by drainage through the sand and 
gravel. Water drainage through the bed is returned to the raw se\yage flow 
wherever possible. When plant elevation makes this impraticable, it is ^ 
discharged, to other points in the plant or to the receiving stream; in most 
cases, it goes directly to the stream. 

A. 

CONSTRUCTION FEATURES OF SLUDGE DRYING BEDS. In the con- 
struction of an underdrained sludge bed, the ground is dug to the desired 
depth and graded to form furrows.. In these, open tile drains are laid in 
surrounding beds of gravel 6 to 12 inches deep. From 6 to 12 inches of 
sand is placed on top of the gravel and leveled. Outside walls and parti- 
tions between adjacent beds may be constructed of concrete, wood, or 
' earth. The number and size of beds required depends on plant size and 
average drying time. Figurfe 1-3 shows a typical sludge bed. Glass covers, 
such as those used for greenhouses, may be installed over beds to increase 
drying efficiency, to provide all-weather drying and to eliminate odor 
nuisance. , 

DRYING' BED OPERATION. Effective sludge drying depends primarily 
on the condition of the sludge from the digester. Poorly digested sludge^ 
. forms a heavy mat over the sand and sludge surface vhich slows drying. 
Sludge withdrawals 'from digesters and Imhoff tanks should be sch,eduled 
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Figure 13. Sludge Drying Bed 



according to the weather and seasons to make the best use of sludge bed 
capacity. Both digestion and drying are quickened in warm or dry weather, 
permitting sludge beds to be cleaned and recharged frequently. During 
cold weather, sludge must be held in digesters or Imhoff tanks until good 
sludge-drying weather, unless 'glass- covered beds are available. Storing 
digested sludge in open tanks or lagoons may be necessary during cold or 



wet weather, when drying is retarded. Normally, sludge lagooning should 
' not be resorted to unless digester facilities are inadequate 'to store the 
sludge produced. 

SLUDGE BED PREPARATION. Before sludge is applied to the bed, 
the sand or other filtering medium must be clean, smooth, and graded 
slightiy away from the point of sludge application to assure uniform depth 
and free passage of water. Sludge chunks, weeds, and other debris, must 
be removed; a thickness of not less than 4" should always be maintained 
to assure a. clean effluent and to keep solids from entering and settling in 
the underdrains. Clogged sand surfaces may be remedied by the reimoval 
of the. top 1/4 to 1" of sand. Splash plates should be provided to prevent 
incoming sludge from falling directly on the sand surface-and disturbing it. 

SLUDGE APPLICATION. Excessive filling of sludge bed results in 
clogging, requiring a longer drying period in which moisture must be . 
removed by evaporation alone. The best filling depth depends on the solid 
content of the sludge. A. depth from 8 to 12 inches is generally recom- 
mended. If the bed area is ample, apply sludge and allow it to remain as 
long as possible to reduce the moisture content. The normally dried cake 
should be 3 to 4 inches thick, with little sand and easy to handle. If the 
bed area is limited, sludge must be drawn more often and applied at mini- 
mum depths to promote quicker drying. Do not discharge wet sludge on 
dried or partially dried sludge. Drain sludge lines and flush with a small 
amount of water or supernatant after each use.to prevent sludge from 
hardening in them. If it is necessary to draw partialiy^digested sludge and 
fill sludge beds, hydrated lime suspension may be used to arrest decompo- 
sition. Add approximately 25 pounds of hydrated lime suspension to each 
100 pounds of dry soUds in the partially digested sludge. This sludge mix- 
ture will be difficult to remove and will dry slowly. 

COAGULATION. The addition of floc-forming chemicals that cause 
sludge particles to adhere with the floe to form small masses of floe and 
sludge will allow more water to filter out and speed the drying process on 
sludge beds. This is not a normal procedure but may be used temporarily 
where it is necessary to speed bed drying to remove sludge from an over- 
loaded digester. The most common coagulating agent is aluihinum sulfate 
or filter alum. Alum in a water solution is mixed with the sludge by 
siphoning or injecting it into the sludge pipeline to the drying bed as near 
the digester as possible.. As little alum as practicable should be used; 1 
to 2 pounds per cubic yard (200 gallons) of sludge are usually required. 
The proper amount can be determined by mixing kngv n quantities of sludge 
and alum and observing how the sludge flocculates and separates from the 
liquid. 
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REWPVING DRIED SLUDGE. Remove dried sludge when it can be 
picked up with a fork (not a shovel), without excessive sand sticking to the 
underside^ Moisture content of tliis sludge usually ranges from 35 to 70%. 
Dried sludge may be moved from the beds by wheelbarrow, truck, or trac- 
tor, but do not allow heavy eqMpment on the beds unless runways are pro- 
vided to avoid crushing and clogging the underdrains. Long, covered beds 
are sometimes equipped with an overhead monorail for easy removal of 
sludge cakes. 

MECHANICAL FILTRATION. Sludge may be preconditioned in prepara- 
tion for. mechanical filtration by washing or diluting the sludge in a tank 
with two or more volumes of water, mixing, allowing the sludge to settle, 
and then drawing off the supernatant liquid. This process, which is more ' 
effective with digested sludge than with raw sludge, is used to condition 
sludge for filtration or drying rather than as a separate drying operation. 
The supernatant is usually returned to the incoming raw sewage. 

Sludge must be chemicaUy conditioned for filtration by mechanical 
filters. Of the numerous types of mechanical filters, the drupi type and 
disk type are most widely used. Filter cloth is. the usually filter- medium; 
it is stretched over copper mesh covering the ^erior of a horizontal drum 
or the leaf of a disk-type filter. This drum revolves continuously and 
operates automatically through a filteringrdrying-dis charging cycle. 
Under the filtering surface, a. hollow inner shell forms a compartment sub- 
divided into sections, the inside of each section as it rotates is separately 
placed under either vacuuin or pressure. The filter-revolves slowly, 
partly submerged in a sludge reservoir equipped with an agitator. As the 
drum passes through the sludge, a vacuum is applied to the inside of the 
submerged sections to pull a suitable thickness of sludge against the filter 
cloth. As the drum revolves from the sludge reservoir, the vacuum holds 
a layer of sludge to the drum and acts as a drying vacuum to draw the ■ 
liquid into the sections returning the sludge solids in a cake on the filter 
surface. This filter cake, usually from. 1/16 to 1/4", is automatically 
removed before the drum resubmerges. ' To help remove the cake from the 
drum, a slight air pressure is applied to the inside of the section as the 
cake reaches the removal point, causing it to be lifted or'blown off the 
drum or disk. The broken cake falls into a receptacle or chute or onto a 
conveyor for transportion to a point for further drying or disposal. The ' 
sludge liquor removed is usually returned and mixed with the raw sewage 
coming into the plant. Both vacuum-producing and air- compressing facili- 
ties are required for operating mechanical filters. 
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SLUDGE DISPOSAL AND UTILIZATION. Well-digested sludge 
contains about 4 to 10% total solids. The volatile splids^cQnt.ent on a dry 
basis is below 55%, and pH is over 7. 0. J>oorly digested sludge forms a\ 
heavy, sticky, clinging mat over the surface of both sludge and aand in 
drying beds and retards drying. Undecomposed grease in the sludge 
clogs the sand. Sludge must come well-digested from digesters and 
Imhoff tanks for it to dry quickly, completely, and without odors. 

Sludge may be utilized for a useful purpose. Sludge drying is usually 

an additional expensej' but it may be justified by local conditions. 

DISPOSAL OF DRIED, SLUDGE. Remove dried sludge from beds as 
soon as it can be handled and piled at an accessible place for grinding or 
hauling. It may be pulverized by a mechanical grinder for easier disposal 
and/or uniform spreading where it is used as a fertilizer. 

Dried digested sludge may be used as a fertilizer. Sewage sludge is 
not high in nitrogen, phosphates, or potash content," generally having 1. 5 
to 4.0% .nitrogen, 1.5 to 2. 5% phosphate, and usually no more than a trace 
of potash. The principal value of sewage sludge is the humfus content which 
averages from 25 to 35%. \ ^ 

# " * y ' 

Use of sludge for fertilizer is subject to restrictions.. . It should not be 
applied to .crops which will be eaten raw. The frequent presence of hook- 
worm eggs in sludge may cause infection where climate and soil -favor con- 
tinued hookworm activity. Digested sludge is particularly Suitable for 
fertilizing vegetation cultivated for dust and erosion control, or for lawns, 
flower bfe(3s, and shrubbery. In many cases, it is possible to sell excess 
dried sludge locally to nurseries or farmieris. 

Dry- sludge may be used as fill in low areas not subject to heavy 
traffic. Care should be taken during disposal, because the sludge will not . 
support heavy equipment. 

DISPOSAL OF WET SLUDGE. In isolated areas, wet sludge may be 
discharged directty from digesters to sludge lagoons. instead of to drying 
beds. Lagoons can be constructed as simple earth- walled basins, and 
underdrains may be provided when lagoons will be reused repeatedly. If 
only weli-digested sludge is discharged into the lagoons, they will be prac- 
tically odor-free and the liquor from them will not be objectionable. In 

emergencies., -lagoons are sometimes used for digestion of raw or. partially 
digested sludge, in' which fease odor can be expected. Where large areas 
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ate available, lagoons niay be used until filled, then abandoned, and new 
lagoons constructed. 

* 

In some instances, particularly where drying bed facilities are defi- 
cient, well-digested sludge may be drawn into tank trucks and applied 
directly to areas being fertilized. Wet sludge is normally applied in 
quantities of 100 to 400 gallons per acre^ Lawns may,be sprinkled lightly 
irrimediately aft^r an application in order to wash the sludge into the roots 
of the vegetation. * 

, Wet sludge may also be disposed of by transporting it in tank boats for 
dumping at sea. 

RECORDS. Sludge drying will be reported on the monthly operating 

log to include the following: 

— — > . 

• Total gallons drawn to beds 

• Average pH, percent solids, percent- volatile solids 

• Total cubic yards of dried sludge removed \^ 
% Average drying time in days. 

Additional information required may be recorded in the remarks 
column or reverse side of the operating log. The information to be 
recorded in as fpUows: 

• Date, volume in gallons, and depths in inches of sludge applied 
to each bed by bed number, 

• Results\of pH, percent solids, and percent volatile solids of each 
sludge withdrawal to each bed, 

• Date, volume in cubic yards, and disposition of sludge removed 
from each bed, ( 

SUMMARY 

Preliminary treatment includes any treatment or preparation that is 
done to the raw sewage prior to entry into the settling tank. This can be 
accomplished by bar screens, grinde^^s, shredders, and chlorination at the 

\„ 
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pumping station if it lis used. Flow meterfng devices are used within the 
system to measure influent flow rates and quantities.. 

Grease and oil may interfere with plant, operations such as clogging 
pumps and filters, 4nd may retard digestion. In some installations, greas( 
and oil aifc remove^ in preaeration ^nd vacuum flotation units. 

Primary clarifiers are used to digest sludge, remove scum, and heat 
the sludge. These! may be of a rectangular or circular shape. 

The Imhoff tank is a two-con^artment tank. As anaerobic decomposi 
tion takes place in the digestion compartment, the gases produced rise and 
may be collected for fuel or be allowed to escape to the atmosphere. The 
separation of the settling and digestion processes permits more efficient 
settling, keeps sewage in upper compartment fresh, makes digestion more 
complete, and produces a better effluent. 

Separate settling tanks are single-purpose structures for removing 
settleable solids irom the sewage. Sludge deposited in the bottom of these 
is removed to a septate digestion tank. The settling of solids in separate 
or plain sedimentation tanks is generally not aided by chemicals or coagu- 
lants. These type tanks can be classified according to their methods of 
sludge removal as, hopper bottom and mechanical sludge collectors. 
Mechanical-type sludge collectors may be rectangular, circular or square 

The sludge collected in the primary fettling tank;is usually treated in 
a digester, the digester changes the sludge into a. readily disposed pro- 
duct with minimum interference with other plant operiatiori. The organic 
matter in .sludge is decomposed and stabilized by the action of anaerobic 
bacteria. (Anaerobic bacteria are able to live in absence of free oxygen. •) 
The final products of digestion are digested sludge, sludge liquor, and 
gases. The digestion process has three stages: high acid, lesser acid, 
and fermentation. ~ ~ — - — — 



Before sludge can be disposed of, it must be suitably dried. The 

removal of moisture from sludge r^uces its volume and changes its 

characteristics, so that it can be moved with a shovel or garden fork, and 
can be trarisported in nonwatertight containers. 

The digested sludge is dewatered through use of drying beds or mechani 
cai filtration. The dried sludge may . then be disposied of in several ways. 

Sludge drying operation is reported on the monthly log. 

» . 
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OUEStlONSv 

X " ' " ' ~ 

1. Name the typ^ of flow metering devices. 

2. What is the recoml^ejided length of detention time in the preaeration 
\prpcess? ' ^ . 

3. Explain the preaeration process. • ^ • 

4. How is heav^t-^cum-'disposed of? 

5. What-is the frequency of sludge ren oval from primary settling tanks ? 

6. ^ What is the maximum depth to which hoppers in primary settling 

tanks maV be filled? , 

?' • ■ 

' 7. How do solids get from the- settling compartment to the digestion com 
partment in-the Imhoff tank? 

8. What two methods may be used to remove digested sludge from the 
Imhofftank? 

9. What two methods may be used for disposing of skimniings from the 
Imhofftank? 

10. How often should sludge depth be measured in the linhoff tank? 
Hi What are the characteristics of well-digested sludge? 

12. Wh^t hazards "are associated with digester gas? 

13. What type of bacteria are in digesters ? 

14. What are the stages in the digestion of sludge? 

15. What is the most satisfactory temperature operating lange in 
" digesters ? ( - , 

16. Why is it necessary to thoroughly mix fresh sludge with old sludge 
in digesters ? ^ 

17. Name three types of digester tanks. 
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18, yWhich type of gas is produced in the largest volume in digesters ? 
19* What records must be kept on digesters and gas equipment? 
20* . What is the water content of well-digested sludge? 

21. What is the recommended depth of sand and gravel in a sludge drying 
bed? ■ / 

22. What ary the advantages of covering a sludge drying bed with glass ? 

23. What is the corrective action for a clogged sand surface in a drying 
bed?, • ■ ^ 

24. ■ What is the most common coagulating agent used in sewage? 

25. How is dried sludge removed from' the drying beds ? ' , " 
26 J How is sludge conditioned for filtration? 

21. In the filtration process, what is used to pull the sludge against the 
•filter cloth? 

28. Well-digested sludge contains what percent total solids? 
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, SECONDARY WASTE TREATMEN,T 
OBJECTIVE . . 

oThe. objective of ' this study guide is to present those waste treatment 
units that are considered secondary treatment. . 

INTRODUCTION 

Waste plants discharge large volumes of water. This water normally 
flov;s into streams, rivers or lakes. You learned that the elfluent from 
primary treatment still contains a iot of solid content. Secondary treat- 
ment is designed to further clean the waste water so the streams will not 
become polluted. 

Let us look at some of the units that make up a secondary treatmient 
system. These units will be covered under the following topics. 

• DOSING SIPHON 

• TRICKLING FILTER ^ , ' 

• OXIDATION PONDS . , 

• ACTIVATED SLUDGE "SYSTEM 

• CONTACT AERATION 

DOSING SIPHON 

The dosing siphon is a mechanical device that transfers waste water 
from the primary treatment system to the secondary system. It is instal- 
led in a dosing tank between the primary clarifier and the trickling filter. 
The dosing tank fills to a preset level; then the dosing siphon automati- 
cally siphons the water out. . ' 



Operation of Dosing Sipl^ons^ ■ - ^ ' , 

■•..■*■■■' • i 

. Intermittent dosing of the trickling filter is provided a dosing tank 
from which fluids are automplically siphoned. A siphon is shown in figure 
|. Water will be standing in both the main trap and the blowoff trap. As 

'.the liquid runs into the dosing tanks, the level.rises, covering the open 
end of, the siphon vent.* Then, as the water level rises, aif is compressed 

"under the bell. The water level is depressed both in the discharge line 
and the blowof* trap. This continues until the water level i^at the maxi- 
mum discharge line of the tank, while, at the same time , the water under 
the bell is near the upper end of th'e (discharge pipe. Wat^r level is at the 
bottom of both blowoff and discharge Mne, Discharge is/how ready arid a 
slight increase of head in the t^k ciiuses the water le^^l at the bottom of 
the blowoff trap to be depressed sufficiently to allow ^he air pressure to be 
released with considerable violence up the vent pipe^' This sudden release 
allows water to .riish into the discharge pipe. The ^omentum causes dis- 
charge throu^ the fiphon and into the distributiop; system, and the tank 
is emptied. Emptying continues until the water/level in the tank is below 
the elbow of the siphon vent, This permits airlo enter the bell^, relieve 
the vacuum, and stop the dis.charge. Water has also been running through 
the blowoff trap so it will be filled when th^ siphon stops. 

',' ■ ■ .'•■',/ . 

TRICKLING FILTER ' 

Description . .* ■ ' ' 

.Xhb 'trickling filter looks like a swimming pool full of rockgy- It can 
be round in shape or re^itahgular. The bed of rocks" ranges in depth from 
thr6e to eigfit feet deep. Cn.top of the rocks is mounted a. water sprink- 
lii^g system. Water' is sprayed or sprinkled over the rocks arfd it trickles 
didwnward to an under drain system that carries the water off to another 
treatment unit, • ■ ' ' / 

Purpose • - ' I ' . 

The purpose of t-rickling filters is to further treat sewage water by . 
letting bacteria, fungi, worms, fly larvae, protozoa and/algae break down 
the remaining waste from primary treatment. y 

■ . ■ / 
Operation / . 

Settled sewage is applied to the trickling filter in a fine spray. The 
applied sewage trickles in a thin film oyer the surfaces of the filtering 
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Figure 1* Dosing Siphon 
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' * medium which become coated with zoogleal film, which contains aerobic 
bacteria, fungi, worms, fly larvae, protozoa, and algae • A continuous 
supply of food and oxygen for these organisnis is furnished by the applied 
sewage, which is sprayed on the bed so as to absorb a maximum amount 
of oxygen. The film over the stones of the filter media removes fine sus- • ' " 
pended and .cpUociial solids from the sewage and holds them for reduction 
by the organisms* Since oxygen is present in the filter, a large number of 
aerobic bacteria will inhabit the film and work on suspended, coUodial and 
dissolved organic solids which have become concentrated in and upon it« 
This brings about a reduction of B*p*D* , ammonia, organic nitrogen, and, 
especially in the lower portion of the bed, formation of nitrates. The con- 
centration of organic matters in the film from the applied sewage explains 
why sewage is adequately treated ^yen though only a short period of time 
is required, for it to trickle frcfm the tpp of the bed to the. bottom. A new 
filter bed must acquire its zoogleal film beforie it is very efficient; The 
time required is usually two weeks, although this may be decreased if the 
filter effluent is recirculated to the filter bed. 

Protozoa. fe'ed upon bacteria and will reduce the number of coliforms 
in the applied sewage to about 50 percent in a five foot deep filter. Larger 
animals, such as worms, may also be present, but the zoogleal- forming 
bacteria are the most important. The film on the bed becomes heavy and 
thick at times with dead organic matter which has been worked over by the 
various organisms. This sloughs off tb appear in the effluent, as humus - 
like suspended matter, which still exerts some B.O.D. This sloughing off » ' 
or unloading is found- in all trickling filters. The accumulated material 
apparently interferes with the aerobic bacteria and reduces the efficiency 
of the filter. A bed that unloads continuously, thereby keeping retained 
wpm-out film and dead matter to a minimum, usually shows a better all- 
time efficiency than a filter that slou^s off periodically. A thin trans- 
parent film upon the filter media indicates favorable condition. The un- 
loading characteristics of trickling filters make it necessary to give finl^l 
sedimentation to the effluent. ' \ 



Bacterial and other organisms are continually active when food and 
ixygen are available^ and do not need any time for rest. With substrates 
encountered in sewage treatment, the more food that is available, the 
ikore active they will be, and only stop when the food supply stops. Thus, 
t^e upper portions of a trickling filter are more active than the lower por- 
tions in removal of B.O.D. This explains why, when trickling filters are 
operated in series, the secondary filter operates less efficiently than the 
primary filter. 
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Loading of Fitt^ ' - ' 

Filter loading is usually expressed as either the volume of sewage 
appUed per unit of filter surface, or the strength of sewage in terms of 
quantity of B . 0 . D. applied per unit of filter volume . 

Volumetric loading is expressed as millions of gallons per acre day 
(m.g.pa.d.). To determine the volumetric leading, the avefage flow in 
m.g.dc to the filter, including any recirculated -effluent, is divided by the 
filter area in acres. 

B.O.D. loading is expressed as pounds of.B.O.D. applied per day 
per acre foot. (Acres times depth in feet. ) It is determined by multiply- 
ing the average B.O.D. (in p. p.m.) of the primary effluent by the average 
flor (in m.g.d.) and by 8.34 to obtain pounds of B.O.D. per day, and 
dividing this by the acre-feet of filter area. If filter or final tank effluent, 
other than normal am6unts of final tank sludge, is returned through the 
primary settling tank,- the recirculating B.O.D.- load exaggerates the 
loading as calculated in this manner. In such cases B.O.D. loading is 
based on the quantity and B.O.D. of the raw sewage, less an assumed 35 
percent B.O.D. removal in the primary settling tank. High-capacity fil- 
ter, B.O.D. loading is sometimes expressed as pounds per cubic yard. 
To convert this to pounds per acre-foot, multiply by 1, 613. Table 1 
illustrates some types of filter loading. 

Efficiency of Filters 

The efficiency of filter operation, assuming the filter is not over- 
loaded, depends on distribution, ventilation, filter media and temperature. 

Sewage must be distributed evenly to makTelfective use of the whole 
surface. Uniform distribution through fixed nozzies is provided by proper 
dosing of the dosing chamber. As head decreases, the circle of appUca- 
tion becomes smaller. Rotary distributors have a 'larger number of ori- 
fices or nozzles at the outer ends of the arms than th^ inner ends toxover 
the increased area of ihe larger circle. Revolving disk distributors have 
vanes of several sizes to give uniform application over the entire filter. 
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FILTER TYPES 



LOADING 
Volumetric BOD lb per 

(m.g.p.a.d.) acre ft 



Standard Rate (Low Rate) 

Normal Design 
Highly Loaded 
High Rate 

Normal Design 
"Low Loading 
High Loading 

Roughing (followed by addi- 
tional secondary treatment) 



Approx 2 
2 to 10 

10 to 60* 
10 to 60 
,10 to 60* 

10 to 60* 



600 

600 to 1,500 
3,000 

1,500 to 3,000 
3,000 to 5,000 

3, 000 to 12,000 



*May be above m-.g.p-.a.d. in 
some cases 



Table 1. Filter Loading by Types 

The spaces in the filter media must be kept open to provide air circu- 
lation. Natural air movement is up through the filter in cold weather and 
down in warm weather because of temperature difference between air and 
sewage. Filter under drains must be ample in size, kept open, and their 
outlets unobstructed to allow passage of air (see figure 2). Forced venti- 
lation of beds by means of blowers is sometimes provided. 




A.AOMCRE BIOCK: B. NATCO THE: C, ARMCRE 810(.K *ITH 
LATER**. VENTIIATING SIOTS: 0. METRO MONO'/NIT TYPE.- 
?, ONNEITON glOCK. 

Figure 2. Blocks Used in Underdrain System of TrickUng Filters 
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The filter media must be hard stone, free from dust, dirt or other 
foreign material^ and uniform in size (two to four inches) .throughout the 
filter to avoid dense spots that may cause ponding. 

Filters operate best during warm weather* Winter conditions in 
northern climates may reduce efficiency as much as 50 percent. 

Types of Filters ' 

/ LOW RATE FILTERS. Standard or low- rate filters may be rectan- 
gular with fixed nozzles, as shown in figure 3, or circular with rotary 
distributors as shown in figure 4. In either case, intermittent dosing is 
provided by a dosing tank with automatic siphon or by direct pumping. 




Figure 3 . Standard Filter with Fixed Nozzles 
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Figure 4. 



High Rate Filter with P.otary Distributor 



The standard raie iilter, usually unloads during fall and spring. 
When a change in temperature or heavy flow of influent causes the beds to 
slough off its growth of organisms and dead matter, the filter effluent be- 
comes turbid arid frequently carries off large masses of worms normally 
present in the filter, the solids in this effluent are removed by final 
settling. 

HIGH RATE FILTERS. High rate trickUng filters are usually circu- 
lar in shape to accommodate the rotary distribution, as shown in figure 4 
which is more satisfactory for the high variations in flow than the fixed- 
^ nozzle sprays . The filter stones are generally about one inch larger in 
size than those used for standard or low-rate filters. Sewage is applied 
continuously, and a portion of the effluent from the secondary settling 
tanks is usually recirculated and reapplied to the filter with the primary 
settUngtank effluent. 
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Advantages of the high- rate filter are slightly lower initial cost, 
smaller plant area required, freedom from filter flies, and reduced odor 
problems. Some of the disadvantages are that operation is much more 
sensitive, the filter is unable to handle wide ranges of loading, the result- 
ing sludge has a high water content and is more putreseible, and the de- 
gree of purification is lower unless recirculation is employed, which in- 
creases the operating cost. 

/ 

In high- rate filters, sewage that has already passed through the filter 
is recirculated, either continuously or at times of low flow of raw sewage. 
By this means, a greater volume is applied and sewage strength is reducet 
making the volume of flow on the bed more constant than for standard- rate 
filters. The heavy application of sewage causes continuous unloading and 
reduces film thickness, with the following effects: reduction of fly-breed- 
ing by washing out more larvae, preventing odors by freshening the sew- 
age, more uniform operation, the seeding of applied sewage with active 
organisms and enzymes resulting in more efficient treatment with better 
utilization of the depth of the filter. Solids are not retained as long as in 
standard-rate filters, so they are less stable and continue to exert a con- / 
siderable pxygen._demand in sfettling. tanks receiving filter effluent, Like- 
wise, the solids have considerable oxygen demand and continue clarifica- 
tion and B.O.P. removal in settling tanks as long as aerobic conditions 
are maintained. Nitrification is negligible with B.O.D. loading in excess 
of 2,000 pounds per acre-foot. Settling tanks, including primary tanks if 
filter effluent is returned through them, are integral parts of high fate 
filter treatment. There are three types of high rate filters, the Aero- 
. filter, Bio-filter and Accelo-filter. 

Aero- Filter. The Aero-filter is designed to dose the entire filter bed 
surface continuously and at a uniform rate . The beds are usually six to 
eight feet deep', with the filter media from two to four inches in diameter. 
Recirculation, which is not an important element of the process, is usu- 
ally used only during periods of low flow to maintain the minimum rate of 
application. A continuous trickling of the sewage over the filter media, 
with maximum contact and aeration, is essential'. For beds under 34 feet 
in diameter, a motor driven rotating disk provides distribution; for 
larger beds, rotary distributors with four to ten branched arms are used. 
Figure 5 illustrates the single stage aero- filter. Special nozzles discharge 
, .sewage in a rain- like spray. A dosage rate in excess of ten m.g. d. is 
maintained. Adequate ventilation of the filter bed is essential for oxidizing 
the sewage; forced air may be required when the temperatures of air and 
applied sewage are within ten degrees F of each other. If blowers are 
provided to force air through the filter, all openings to air at the filter 
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base miist be sealed and operatioii must be continuous. These plants may 
have single or two- stage treatment as shown iii figure 6. 



DIGESTION lAt4K 



o--i 



•-.SltJOGr. Ot 5^03^1 



PR£1R6AT*€NT 



I AEKATION 
! / SETTIINC TANkP^ 



O-r 



FINAI SCTTIING 
TANK 

Effluent 



!^RETUI»N ACTIVATED SLUOCE 



Excess ' siuoce / 

SIU0C£ fUMP 



Figure 5. Single-stage Aero-filter and High- rate Two Stage 

Filter 
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INAL CLARIFIER 



s1ud0* to^digtsttr 
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SETTLtO StUOGE RETURN 
raiMARV aAR'lFIER SLUDGE TO 
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(b) 



NTEAV CLARIFIER 



(•) SingU-ttag« plant, (b) T^KO-staga plant. 



Figure 6. Flow Diagram of Aero-filter Plants 
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,Bio-fiUers. Bio--filters combine the use ofV clarifier and highrrate 
trickling filter with filter discharge material returned to the clarifie 

'^^^ recycled filter discharge material may consist merely of filter, 
effluent or of flow from a secondary clarifier following the filter. (Se 
figure 'Os. ^ o , V 



iee 



RFCinCUl ATtCN 




I rfflucnt 



Si udgf 



PrliiJTfy cUrif J#r ^»n»1 cUrifltr 
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V rtm^ry rec j^rceU^ticn Secono'ary r«circuJ«tion 
Inttrr* 



Influent 
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1 uc n t 
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{k) Sing1t"-sta9t tnt«rm«d i at« t rtatncnt # 
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(c) Sino1*-*stagt complete treattnent with dual recirculation* 
(o) Two-stage treatnent. Inttrnediate clarifidr is sometines 

omitted* 



Figure 7* Bio- Filter Flow Diagrams 
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Accelo- Filter. The Accelo-filter system includes recirculation of 
unsettled effluent from the filter back to the inlet of the filter^ distributor 
as shown by the flow diagram of figure 8. It is .used'for both low- rate and 
high rate filters. The principle claimed for this^ system is that the direct 
return of filter effluent. intensifies biological oxidation. 




circu1«ticn to th« primary 
(cl • .filttr. («) TWo-«Ug« plant 

with airtct rtclrculntion 
' within e4ch stag*. 



Figure 8. Flow Diagram of Accelo- Filter 
Operation of^Filters and Appurtenances <» 

COt?TROL^OF PONDmC. Ponding is caused by dense spots in the 
bed that stop flo\. The condition may result from the application of an 
excessive volumeV sewage to the filter; a large amount of suspended 
•soUds or grease inW influent; .filter materials that are crumbled, dirty, 
or too small; prolific growth of fungi, algae, and other animal and plant 
forms filUng the voidSx between stones; or poor ventilation. Ponding 
caused by plugging of filters may be reduced or eliminated by one or more 
of the following:. (1) Fliishing the surface with a fire hose; (2) Raking or 
forking the surface stone;\ (3) Stopping the distributor over the plugged 
area and allowing the sewa^ flow to wash down the growth; (4) Punching 
holes in the top layer of storte with an iron bar; (5) Applying chlorine or 
chlorinated Ume, up to 5 p.p^m. residual, to the filter influent for two to 
four hours at weekly intervals .\ This should be done at night when sewage 
flow and chlorine demand are low. (6) Flooding the filter for 12 to 24 
hours, if possible, every 7 to 14 ^ys; (7) Allowing the growth to dry by 
resting the filter for 12 to 48 hours if other units are available. 



«tn.o ?o^^?f; ^^^^^ ^1°^ s^^^rd r^te filter-bed 

?nw?f ^ *° plant operators and nearby residents. Heaw 

"^Sf '^r^y.^!^*'"^^^^^^ growth on kones. ^ 

Filter fUes can be eliminated by flooding the filter 12 to 24 hour^s every 
two weeks by heavy-doses, 6 to 15 p.p.m. of chlorine at the filter influ- 
^nt^or dosing tank, or by changing to high rate operation. \ 

' FILTER'lVffiDIA AND UITOERDRAmS. Keep the filter surficl free 
from leaves and twigs. Any small rock or sand particles or otherlaocu- ' 
mulations must^be washed out of the filter underdrains and removed from 
the collection channels to prevent their discharge to settling tanks where 

V JiSfp'.?"?-f/"'^%''"'.'l underdrains and chanLls opel to 

ventilate the filter In winter, the filter surface must be kept sufficiently 
free from snbw and ice to permit proper operation of the Totery distiribu- 
tor. Remove disintegrated filter stone and replace with sound stonel 



ODOR CONTROL. Odors caused by decomposition of organic matter 
may be reduced or controlled b^ reS^cuffg 

f^S ^2) reducing. primary tank detTn- 

tion periods by taking^qne or more tanks of out of service, if^he deteln- 
tion period exceeds three hours; (3) chlorinating filter influent with 
dos^ges uptoSp.p.m.^; (4) the appUcation of chlorine or copper su fate 
to the raw sewage at the upper ends of the system is helpful in Preventing 
septic sewage; and,. (5) flushing sewers periodically is also hMpful in 
deUvering fresher sewage to the treatment plant, thereby assisting iii 
odor control. t 

■ " ! 

Hnr.nT'^?^^?.^^™^- "^^^y ^ases. Operation of trickling fillers 
howpi' f '^'f,*^.''* difficulty. In extremely cold climat'es, 

however, it wiU be necessary to take precautions to avoid damkge to' 
equipment or interruption of the operation, in the case of 'rotaW disiri- 
butors, the drain valve in the distributor base is usually opene'd sUghtly 
to dram and prevent freezing in the distributor arms. Use of irecircul^- 
tion to minimize freezing at the fitter by cutting down ;the time of the ^ 
dosing cycle during lowr flow-periods is also practiced. To minilnize . 
fi-^.zing, dosing-tanks are sometimes, covered with planking and insulated 



SLUDGE REMOVAL. Sludge fropi settling tanks f{)llowin'g high-rate 
filters becomes septic more rapidly than that from staAdard- rate /filters 
and must be removed at least once each shift or oftenei! as necessary. If 
centrifugal pumps are used, recirculation to the primaiW settUng tanks 
should be from the bottom of the tanks or the sludge reiAoval pipe to give 
contmuous removal of sludge, ' Y ^ ^ , 
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■ OXIDATION PONDS ' . i . 

Oxidation ponds sometimes galled lagoons, holding or evaporating 
ponds, or percolation-Beds, under certain cbnditions- offer economical 
sewage treatment and disposal with a minimum of initial materials i 

' An oxidation pond is a sliallow basin in which the sewage or industrial 
waste is held:for a period of time, such that some desired degree of sta- 
bilization occurs. Thare may or may not be an effluent from an oxidation 
pond. ' Some a;re so dssigned that evaporation and percolation proceed at 
a rate sufficient to keep all the waste within the oxidation pond"; others 

/ are designed for continuous effluent flow. Oxidation ponds have banked 
*edges of sufficient thickness to contain the waste waters. These banks have 
an inside slope of about four to one. To reduce the erosion effects of any 
wave action due to winds, the entire area within the oxidatipn pond is 
usually stripped of vbgetation, and the tops and Outer sides of the retain- 
ing banks are grassed. 

Oxidation ponds may be constructed so that the waste waters are from 
3 - 5 feet deep; usually, they are not<yconstructed over three feet deep. 
When the wind is strong enough to prevent surface scum, inlet .or effluent 
baffles may not, be required. Distribution baffles are shallow so water 
velocity under them is not rapid enough to scour the pond bottom. It is 
recommended that the sewage should, be discharged into the center of 'the 
oxidation pond sUghtly above bottom elevation. Some structures carry 
• effluent from one oxidation pond to another. These usually provide some 
turbulenpe and, aeration. Some ponds are designed to provide a minimum 
of 30 days detention of the average dalily flow. In determining this deten- 
tion period, only^the top two feet of water in ponds under ten acres in area 
' and only the top three feet in ponds over 20 acres in area are considered. 

. In oxidation ponds, treatment, is accompUshed by nature with very 
Uttle assistance from man. If sufficient time and sunshine are provided, 
bacteria and alga3, with the help of occasional wind action, stabilize the 
organic matter in the waste water;. (See figure 9.) Where the velocity of 
flow is reducedvpn entering the oxidation pond, suspended and setteable 
soilds will be deposited. These plus the dissolved organic riiatter are the 
food stuff for the forces of nature. 

Oxygen is supplied on the surface and stirred in by wind action. Addi- 
'tional oxygen is made available by green plants; therefore, the need for " 
shallow oxidation ponds so that these plants may receive the sunUght they 
require. Bacterial decomposition of the deposited or dissolved soUds 
furnishes carbon dioxide. 
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I Other nutrients, .such as nitrogen and phosphorus, are alsb available 
from the sewage. . , • * . <i • • 



. Several other factorS/ShouId be, considered in using oxidation ponds to 
tifeat sewage waste:^. Djife to the wide shallow ark exposed tc the atmos- 
phere, evaporation of yater will take place. Further, sdme percolation 
of water into the ground will also occur. Both of thes.e tend to reduce the 
volume of waste to be disposed; Consequently., thev use of oxidation ponds 
is most efficient where these two factors are high. 
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There is the possibility of contamination of ground water by percola- 
tion of oxidation pon4 waters. Therefore, an investigation should be per- 
formed before adoptin.g oxidation ponds for waste! treatment. However, in 
passing through an. oxidation pond, a certain amount of bacterial reduction 
occurs. These reductions in colifqjfm organisms lare primarily due to the 
action of natural enemies on these bacteria. 1 

Oxidation ponds may be .designed to discharge! a continuous effluent 
just as a sewage plant does, ^ or if sufficient areas is a\^ilable^ to rely up- 
on evaporation and percolation to the extent that nd effluent or discharge 
occurs. When an effluent is discharged, it will usually be lower in B.O, D. 
and^will be supersaturated with dissolved oxygen. 1 \ 



This state of supersaturation is due to the action of algae in the oxi- 



dation ponds. Algae are simple one celled green plants that live in streams. 



They and the bacteria do the major part of the work) in oxidation ponds. 
The bacteria in the oxidation ponds break down the organic car^bqn materi- 
als in the s§wage to carbon dioxide. The algae\take the carbon dioxide in- . 
to their systems and give off oxygen. 1 \ 

The oxidation of sewage is conducted in liiany ways for various pur- 
poses. It can be used on industrial or doni^tic sewage. It has been used 
for partial or complete treatment. Due to the location and design of vari- 
ous bases, the adaptability of oxidation ponjds will vary. Sewage plant 
effluent may be discharged to 03ddation ponds in favorable locations such as 
desert or isolated areas, and where ample land is available and the climate 
is dry and warm. , 

Treatment 

To use oxidation ponds for treatment and disposal, certain conditions 
are necessary for proper operation. 

MINIMUM PRETREATMENT, Primary- settling is the minimum 
treatinent ^ven sewage before it is put into the lagoons. Otherwise, ex- _ 
cept under unusual conditions, sludge deposits build-|up in the influent sec- 
tion of the lagoons, not only causing septic conditions during digestion but 
also making "periodic cleaning of the inlet lagoon necessary. 

PERCOLATION, When ponds are first operated or if they are located 
above coarse sand or gravel formations, much sewage is lost through per- 
colation into the soil. Unless the ^formation under the pond is generally 
porous, this condition generally lasts only for a short time. The floor, 
clogs rapidly with sediment, greatly reducitig or eliminating completely 
th'e sewage flow into the ground. 
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EVAPORATION. Evaporation may cauise considerable sewage loss, 
depending on the surface area of the pond. In some dry areas such lods 
equals the entire sewage flow. ^ 

SETTLING. Additional suspended solids settle out while the effluent 
remains in the ponds, thus improving the quality of the effluent. 

BIOLOGICAL ACTION. Bidlogical life developed in the lagoons uses 
the organic and mineral matter in the sewage for food to produce more 
stable products. These product^ often stimulate abundant growth of algae 
and other vegetation. Solution of oxygen from the atmosphere, and ability 
of vegetation 1;o produce oxygen under sunlight help maintain aerobic 
lagoons. In a properly constructed system, aerobic conditions establish 
themselves after a short detention period. The lagoons develop an odor 
similar to fresh- water ponds in wooded areas. During cold or cloudy 
weather, treatment becomes much less effective because algae oxygen pro- 
duction's retarded. / 

Operation 

When the weather is/clear and warm and the pond system is operated 
normally and in series, iihe quality of successive effluents improves as it 
passes between ponds. /Dissolved oxygen appears and often increases to 
the super saturation point; the pH increases as the sewage fldws from one 
pondto^the next until tl/e effluent is definitely alkaline and the B.O.D. &nd 
suspended solids decrease. Operation and maintenance procedures are 
simple and are generally as follows. ' 

WALLS. Protect the inside of wall surfaces from collapse or wave 
erosion by adequate width and height of fill. 

MOSQUrto CONTROL. Control mosquito breeding by keeping the 
shores clean and by alternately raising and lowering the water level about 
six inches evdry ten days during breeding season. 



i 



SLUDGE . \ Majce sure that no raw or digested sludge or supernatant 

liauor is discharged into the ponds. 

- ! I 
\ 



\ 
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THE ACTIVATED SLUDGE PROCESS 

The activated sludge process is a method that employs a sludge which 
by aeration and agitation has become flocculent and has accumulated a 
population of aerbbic bacteria. This is added to,sewage and the, mixture 
is agitated in the presence of oxygen. The mixed liquor is then^ settled in . 
a secondary or finil settling tank. The clear liquid is emptied into a 
stream or upon the| ground. Part of the sludge is recirculated through the 
aeration tank and piart of the sludge that is not needed for the desired ac- 
tion in the aeration tank is sent to the digester. This is illustrated in 
figure 10. 



a3/ ■ 




Figure 10. Flow Diagram of Activated Sludge \^ 
^ Process 

Activated sludge appears as a li^t to dark brown floe and settles 
rapidly. The jelly-like portion of the sludge contains many filamentous 
and unicellular bacteiria and algae. Upon this jelly- like .mass numerous 
protozoa and some metazoa attach themselves andieed upon the organic 
matter contained in the sewage. This matter is ingested and assimilated 
\ by the protozoa, and their bodies are an end product\f the sludge. The 
\zoogleal- forming bacteria are present and important. \Some theories 
state there must be a proper relationship between the ba<^eria and proto- 
zoa, while other theories hold that the number and specie^JJf protozoa 
indicate the condition of the sludge. In any case, the sludgKmust have a 
sujjply of nutrient to support its living organisms. Dissolved)o^gen from 
the\sewage, sludge mixture, sludge and sewage must be thorough^ agita- 
ted (Juring the aeration period. Oxygen may be obtained through diffused 
air or, at the surface of the tank. 



85 



ERIC 



During the aeration of the mixed liquor, adsorption of solids and bio- 
logical oxidation of the adsorbed material takes place. Usually 15 to 45 
minutes of contact with the sludge is required for the adsorption of solids 
before biological oxidation begins. The highest rate of oxidation usually 
occurs when the recirculated sludge first comes into contact with sewage 
falling off gradually for two to five hours, then continuing for a long period 
at a^more or less uniform rate. Proper functioning of a plant requires a 
balance between the two functions. If biological action proceeds too rapid- 
ly, the sludge becomes very dense, but very small particles are broken 
off and do not settle to give a clear effluent. If biological action lags 
behind, the floe becomes very bulky and light , and will not settle in the 
final settling tank, and the effluent will not be well clarified. But with 
good operation, it will balance the two processes. 

BIOLOGICAL ACTION. When sewage is agitated continuously in the 
presence of oxygen, an active biological material known as activated 
sludge, is developed. This brownish floclike substance is composed of 
numerous organisms, including protozoa, in a mixture of organic solids 
in various stages of decom^)osition. Activated sludge absorbs dissolved 
organic material, including ammonia; it has an agglutinating or floccula- 
ting property which frees sewage from its dissolved and suspended 
impurities. Some materials in sewage are consumed by the organism 
but their most important function may be the production of complex chemi- 
cal substances called enzymes which react rapidly to change objectionable 
matter to stable substances. ^ 

FLOW PROGRESS. A flow diagram of the activated sludge process 
-is-shown. in-figure. 10 . After receiving primaiy^ settling, sewage is„inixed 
with activated sludge to form mixed liquor. The mixed liquor then re- 
ceived prolonged aeration in an aeration tank and is conveyed to the 
final settling tank from which clear supernatant liquid is usually discharged 
without further treatment*- The'' sludge collected at the tank's bottom is 
returned, all or in part, to the influent end of the aeration tank and mixed 
with incoming settled sewage to continue the purification process. Excess 
sludge is usually pumped to the plant influent and is resettled with the 
primary sludge to concentrate it. 

\ 

Types of Aerators i 

The basic factor in the activate4 sludge process is aeration, which is 
necessary to supply an adequate supply of oxygen to keep it biologically 
active. There are two general aeration methods. 
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DIFFUSED AIR. In diffused air plants, aeration is accomplished by 
compressed air released at the bottom of the aeration tank, passinjj upward 
through the tank contents. Aeration tanks are designed and diffused equip- 
ment is usually located so as to give a spiral motion to the mixed liquor. 
Methods include placing diffused .plates on the floor of the tank adjacent to 
\^wall over diffuser-plate boxes (see figure 1 1);- ^inserting Effuse r'tubes" 
into-the- sides of a fixed^air pipe along one side of the tank; attaching dif 
•fuser tube assenabUes to movable pipes (s^^^^rig diffusers) by which the tube 
•assemblies may be lifted out of the tank for cleaning (see figure 12). The 
•principal components of the swing dlffuser are shown in figure 13. 

In diffused- air plants, air discharged through the diffuser should be 
controlled at both the blov/er and down pipes. With this control, air input 
can be fitted to the changing demands of sewage strength. About 95 to 98 
percent of the air keeps the tank contents in motion, mixing and causing 
solids to form floe; the rest of the air is used to supply the oxygen re- 
quired for oxidation and stabilization. One type of blower used for pro- 
viding air to diffusers is shown in figure 14. 






Figure 13. Cutaway of Aeration Tank Showing Swing Diffuser 
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Figure 14. Blower Used for Air Supply to Diffuser System 



MECHANICAL. Mechanical aerators use impellers, revolving disks 
or brushes for spraying sewage into the air or pulling air down into the 
sewage. 

Figure 15 shows equipment for pulling .sewage up through a cone from 
the bottom of the tank and spraying it into the air. This is done by the 
motion of the impeller in the upper portion of. the cone. Air mixed with 
the spray is carried downward into the tank. 



Figure 16 illustrates another mechanical aerator which forces 
sewage downward in a draft tube. Air mixed with the sewage at the funnel 
of the tube is pulled downward and rises from the tank bottom through the 
sewage. 
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Figure 15. Updraft Mechanical Aerator 
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Figure 16. Downdraft Mechanical Aerator 
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Aeratiori Tanks and Equipment 

- The aeration periodisThe average detention time in aeration tanks, 
based on the average flow of sewage being treated by the plant plus the 
flow of return sludge. Aeration tanks uUUzing diffused air, which are 
usually 'rectangular and narrow, are designed for a detent-on period of 
eight hours. Mechanical aerators, generally installed in square tanks 
arranted in series, are designed for a twelve hour aeration period 
Sludge is returned from secondary settling units by gravity or pumping. 
Figure 16 shows the automatic- return Une for a mechanical aerator. 
Sludge return is controlled by weir boxes orifices; on gravity lines 
adjustable sleeves on pipes to the sludge hopper of the'settUng tank con^ 
trol the amount of return sludge. 



Plant Operation t 

' Extent of purificatibn depends upon proper control and adjustme: 
the biological process. Plant operators must determine the best opera- 
ting range of all factors involved by systematic trial and establish pro 
cedures by study and observation to meet variable conditions. These 
factors include the following: . ' ' ° 

• 'Concentration of solids in mixed liquor. 

• Settling rate of mixed- liquor solids. /• ; 

• Volume of sludge retur-n. 

• Concentration of solids in return sludge. 



• Quantity of air required for various loadings. 

QUALITY OF ACTIVATED SLUDGE . High quaUty activated sludge 
settles rapidly, leaving a clear; odorless, stable Uquid above; it is 
usually golden brown and has a slight musty odor. The floe 'usually 
appears to be granular with sharply defined edges. Settling characteristic 
may be determined by allowing one liter of mixed liquor to settle for one 
hour in a graduate and periodically noting the volume of settled sludge. 
Settling to a volume of, 20 to 30 percent in ten minutes indicates good 
•sludge. Figure 17 shows good and poor settling qualities for activated 
sludge. 
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TIME (MINUTES) ' ' 

Figure 17. Curves Showing Conditions of Activated Sludge , 

Density. Dense, sludge is desirable.- Density expressed as sludge 
index is computed by dividing percent of volume after 30 minutes settling 
by percent mixed- liquor suspended solids. Example: If sludge settles to 
20 percent volume in 30 minutes with aeration solids at 1,000 p.p.m. 
(0. 1 percent), the sludge index is 20% or 200. 'An index less than 

o7i% 

100 is usually expected in diffused air plants; with mechanical aeration, it 
usually is 200 to 300. A higher than normal index indicates bulking of 
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fei'J?^!; 7^® nomogfiai)h presented in-figure 18 correlates the sludge index 

mMaar.?fn"n?^*^- Assuming (line A) a spUds concentrS S tte 
mixed liquor of 2,000 p.p.m. (by weight) ^d a sludge index of 100 it 
would oe necessary to return 25 percent by volume ^return sludee wkh k 
Sd^lMn'" T ^^"^^ ^^'^ ^ return" S'^^^^^ 

tioTtw n.' f' ^r^.^ ^""^ ^* * ^^^^ ^«^"l<i increase detenv 

lS^X ° J! settUng tanks which is undesirable. 

Lme 'B" assuming iriixed-Uquor soUds of 2.000 o o m and a sTuda^ ' 

oM^^V^^^^I on th,\egular 30 minUte s&?ing-p.'^^^^^ ^ 
m w^f l.°°H^'''Hv^ P^^c^'^tage of return woUld mean a rapid 
hc^^ir fhTif There are indications/ 

however that the concentration of sludge in a test cylinder may be higher 
at the end of 60 minutei than at 30 minutes", the difference increasing wSh ^" 
Tdfx .^"fJil^ poor-s^tmng Characteristics.. If the calcula?e5S 
mdex should be appreciably less after one hour test (line C) than Xr a 

^CroVsoUds^.''"'^"^*"'" °' ^^^^"^ ^ ^reT N 

QUAOTTTY OF AC1[IVATED SLUDGE . The amount of sludge, mea- 
sured by the suspended ^Uds in the mixed li^quor, must be ere^ enourfi 
to pro^^uce the desired purification in the a^labte deration tim^and 1^^ 

tTon"^il^''%^''°^?^°^^ utilization. /Mixed Uquor soUds concentra- 
tion,^ sewage strength, aeration time, and quantity of air are all interrela- 



/ 
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1 * 

Proper Concentration. The concentration of mi^^ed Uquor soUds for 
operation uMe^an . , 

trml. Aeration solids concentrations of 1, 200 to 3, 000 p.p. mf in 
.^.n^K ^l^ ^°P^*° 200 p.p.m. in mechanical plants are 

usual, but they may be vaked to suit seasonal or plant load conditions. 

i<, ''^a?"- Maximum soUdS concentration to be carried 

fL ! i^f "-J ^"i*^ raw-s^age load. If soUds build up indefinitely, 

tiie air and food requirements ultiiiiately exceed the available supply and 
upsets occur. After the desirable soUds-concentration in mixed liquor is 
deterimned, it is maintained by wasting part of the returnysludge. Where 

conttnt'lff'tfJoVr^ widely in strength, the soUds 

»>e enough-fo-absorb.tiie shock.XFir economy, 
excessively high solids concentration camiot be carried merely because 
tiie avai^ble blower capacity permits it. Because of wide variations and 
hi^. peaks m sewage strength at Army posts, a higher concentration of ' 
mixed- liquor solids is neceissary' than in municipal plants .. 
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Figure 18. Nomograph for Use in. Activated Sludge Plant Operation 



Tests. Control tests for mixed- liquor and return sludge suspend 
solids and.settled volume are made daily or preferably^ once each shift. \ 

QUANTITY 0-F AIR. Although most of the oxygen dissolved in the 
mixing UquQi: during aerat,ion is used by the activated sludge, it is only 
two to .five percent of the oxygen supplied to the tanks. Air requirements 
are governed by B.O.D." loading, quality of sludge^ and solids concentra- 
tion of mixed liquor. ' ^ ' r 

Control. In diffused air plants, air application is usually controlled 
by^blower combinations or \^riable output blowers* Air supply in mech- 
anical plants is governed by ^^he number of units in service and au*-omatic 
time switches on each aerator. ^ 

Tests. Make dissolved- oxygen determinations daily or preferably 
.CTcich shift, on examples of the, mixed liquor collected at the inlet end, 
middle, and autlot end of the aerators. In]iibitor IvS used in collecting 
dissolved oxygen' samples to arrest bacterial action and oxygen utiliza- 
tion; otherwise low test results are obtained. These tests indicate 
whether or not air supply is satisfactory. - If one ^.p.m.' of dissolved 
* oxygen is present at the inlet and progressively builds up to four or five 
p.p.m. ut the end, air supplj^ is adequate. 

Excessive Application. Excessive air application is wasteful and may 
cause the flocculent sludge to be finely dispersed and difficult to settle. 
Much of it passes over the settling tank outlet weirs. 

AERATION PERIOD. Approximately 80 to 85 percent of sewage puri- 
fication occurs during the first nour of aeration. During the. rest of the 
period^ sludge is regenerated, organic matter stabilized, and sludge cdn- 
dHions for further activity. The sludge* ^s capacity for taking in p'rganic 
matter is limited arid regeneration Is necessary' before an additional load 
is Applied. Activated sludge requires oxygen at a, definite; ^niieasurable 
rate. It absorbs oxygen from ^he water as rapidly with only*a few p. p.m. 
in solution as wheathe water is aljnost saturated. - 

Oxygen Utilization. Oxygen utilization, initially rapid, follows a , 
fairly well-defined, tapering curve to a lower, more even rate as treat- 
ment progresses. Time required for. purification is in inverse proportion 
to the amount of sludge. Doubling the quantity of suspended solids in .the 
sewage sludge mixture halves the time for complete oxidation if hydraulic 
and inechanirVi conditions permit settling out the increased sludge, and 
enough dissolved oxygen is available, 
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Measuring Utilization. Oxygen utilization over a short period of time 
can be measured by rate of oxygen utilization in p.p.m. per hour. The 
curve in figure 19 shows what happens to^any unit volume of mixed liquor 
passing through an activated sludge plant. Before treatment starts, 
return sludge whose liquid portion has a low oxygen demand and raw sew- 
age usually having a low immediate oxygen .demand and a high B.O.D. 
are present. At zero time period of treatment on the curve return sludge 
and raw sewage are being mixed together and the aeration process started. 
At this point the rate of oriyiren utilization is maximum and remains con- 
st'^nt for some time. The Itngth of .this period of constant rate of absorp- 
tion varies directly with strength of sewage and inversely with amount of 
"sludge, other factors remaining constant. After holding for some time, 
oxygen-utilizition decreases abruptly at first to an almost constant rate 
as aeration proceeds for several hours. 
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Figure 19. Oxygen Utilization Curve 
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Use of Oxygen Curve. Characteristic curves show the maximum ratfe 
of oxygen utilization to be definitely related to the rate of utilization at 
completion of the process. This ratio, at least 3:1 and usually 4:1, guides 
proper adjustment of air distribution to meet oxygen demand. ' Tapered or 
step aeration to yary air distribution saves total air used by placing pro- 
per amounts where they are needed. ' 



y Adjusting Aeration Tanks. Aeration periods of eight hours for /llffused 
aeration and 12 hours for mechanical aeration are desirable. Adjustment 
to conform to factors discussed above improve plant operation. In /mer-h- 
anical aeration tainks at small installations niaintaining dissolved oxygen 
in first stage of aieratioh is often difficult. Small diffuser units ate in- 
stalled to booster the oxygen supply. / . 

RATE OF RETURN. Volu;me of activated sludged returned/(rom final 
settling tanks to aeration tanks normally ranges from 20 to 40 percent of 
the raw sewage f^oy/. A high rate of return reduces aerator detention but 
keeps sludge fresh and may return needed dissolved oxygen to^ the aerator 
inlet. A low rate of return increases /aerator detention time;/ it is feasible 
when the sludge has a low rate of oxygen utilization and does/not readily 
become septic. A high return sludgefconcentration is obtained with low 
return rate. 



RATE OF WASTE. A division ^s usually provided to split the flow of 
returned sludge j'rom the final settling tank either to waste' or to aeration 
tank influent. Suspended solids concentration in the aeration tank and re- 
turn sludge determine when and how much sludge is diverted to waste. 
Routine schedulers must be developed for wasting sludge ik small amounts 
daily, holding sojlids in the aeration tank^nearly constant J Sludge is 
wasted slowly and uniformly, generally during the periods of low flow. 
Rate of waste sludge is normally about ten percent of thd return sludge. 

FINAL SETTLING TANK. Bescause settled sludge hiust be maintained 
fresh for return jto the aeration taftks, the sludge blanket in the settling 
tank is kept below two feet. Mechanical sludge collection equipment must 
be operated continuously. Hoppers are squeegeed often to free them of septic 
sludge. Short circuiting and eddy currents are correct; walls, weirs, and 
channels are hos4d down daily. " Rii^ihg sludge which i's black on the under- 
side incidates that sludge is sticking\on the walls or floors; these areas 
must be kept free of accumulated sludge. / 
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Operaliing Difficulties ' ^ 

Operating\Ufficulties are usually one or a combination of three con- 
ditions; the pre^nce of oil or grease; bulking sludge; and disposal of 
supernatant from tiie digester. 

OIL AND GREASE. Oils and grease from mess halls or laundry wastes 
harm bacteria growth in the aeration tanks. The sources of grease and 
oil are eliminated by proper cleaning of grease traps and oil interceptors. 
Primary- settling tanks are kept skimmed off. 

BULKING SLUDGE . A sudden loss or sludge density shown by poor 
settling, passage of floe through the final- settling tanks, and increased 
sludge index is known as bulking. It occurs in two forms: A large dif- 
fused floe resulting from bss of biological balance and a light floe con- 
taining sphaerotilus, a microscopic threadlike fungus growth. Bulking 
may be caused by the following: Too high or too low aeration tank solids 
concentrations, inadequate air supply, inadequate aeration period, and 
sudden heavy loads on the system such as a heavy dose of strong digester 
supernatant or an overload of stale or septic sewage solids flushed to the 
plant by rains after a long dry period, sewage abnormally high in organic 
solids, especially sugars and starch, or fungus accumulations from the 
sanitary sewer system may likewise cause bulking sludge. 

When bulking results in septic aeration units, wasting the sludge and 
redeveloping a healthy floe may be necessary. In the early stage of bulk- 
mg, reconditioning is aided by increasing sludge return and-ampunt of 
air. \ Fungus growths usually can be controlled by the following: Applying 
chlorine to the return sludge in doses of 1.0 to 8.0 p. p.m. of sludge re- 
turn flow, adding ferric chloride to the mixed liquor and adding copper 
ammonium sulphate to return sludge. 

Rising sludge in final- settling tanks is usually cuased by an exces- 
sive retention period forming gases which lift the sludge in chunks. 
Increasing the sludge return rate to lower the sludge blanket corrects the 
trouble. This condition also may be caused by nitrification brought on by 
excessive aeration. 

f ■ • 

EFFECT OF DIGESTER SUPERNATANT. Disgester supernatant 
disposal in the activated. sludge plant is troublesome, especially when the 
digester is not functioning properly. Supernatant is usually returned to 
the plant influent where it passes through the entire plant process. Being 
well seeded with the organisms of anaerobic digestion, it tends to increase 
the septic action in the settling units. If discharged intermittently during 
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sludge pumping, it throws a heavy load on the secondary process. If the 
mixed liquor is not in condition to receive this load, thei sludge soon be- 
comes gray and septic. 

• Supernatant is returned as uniformaly as possible. 

• Returning it directly to the aerator often eliminates the difficulties. 

• Returning it to the aerator during low loadings sometimes is 
successful. 

If the supernatant is returned intermittently, thW^olids in the mixed 
liquor must be in condition to receive it (higher in concentration). The 
DO must be carefully watched and increased during the period of necessary. 

t Records 

The following data are reported on the monthly lope rating logs: 

• B.O.D. , suspended solids, settleable solijs, and relative 
- stability of final- tank effluents. 

• DO of mixed liquor at inlet and outlet ends of aeration tanks. 

• DO of mixed liquor at inlet and outlet ends of aeration tanks. 

• DO.of final-settling tank effluent. 

• Volume of return sludge. 

• Volume of waste activated sludge. 

• Suspended solids in rnixed .liquor^^and return sludge. 

• Percent settled solids volume mixed liquor and return sludge 
(30 minutes) . 

• Sludge index, 

• Volume of air (in 1,000 cubic feet or hours of operation of 
mechanical aerators. 

• Remarks of unusual conditions such as bulking, its cause and 

control, peak loads, etc. 
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CONTACT AERATION 

, Contact aeration is basically an aerobic biological process. It con- 
sists of passing settled raw sewage through aeration tanks that contain 
plates of asbestos cement or other impervious materials. The surfaces 
of these materials become covered with zoogleal film of aerobic organisms. 
Air to support this organic life is blown through diffuser tubes 'or pipes 
under the contact media. The biological action is somewhat similar to the 
action in a trickling filter where biological life forms on the stones instead 
of plates. 

* 

Flow System 

A flow diagram of two- stage contact aeration plant is shown in figure ' 
20. Single-stage aeration is generally limited to partial treatment only. 
Each aerator is divided by an overflow dividing wall into two sections 
operated in series. This is illustrated in figure 21. Each plant is pro- 
vided with air blowers and accessories for compressing air and blowing it 
through the diffuser or pipe system. Facilities for sedimentation and 
sludge digestion are similar to those used in other treatment processes. 
Low-head pumps and pipelines for recirculating second- stage aerator 
effluent to first- stage influent are often added to improve plant effluent and 
eliminate odors. 
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Figure 20. Flow Diagram of Contact Aeration 
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The biological action in the contact aerator is comparable to that in the 
trickling filter where organisms form a film on stones instead of plates. 
Biological life is also suspended in the liquor. Aerators not functioning 
properly contain organisms causing septic action, such as those commonly 
^ found in digesters and other anaerobic processes. Sulfur bacteria are 
more numerous in contact, aerators than in most other secondary treat- 
ment units. When dissolved oxygen disappears and an anaerobic condition 
develops, aerators produce considerable amounts of hydrogen sulfide 
causing odor problems. 




Figure 21. Cross Section of Single-stage Contact 

Aerator 

Facilities 

Facilities for sedimentation and sludge digestion are similar to those 
used in other treatment processes. Low head pumps and pipelines for 
recirculating second stage aerator effluent to first stage influent are often 
added to improve plant effluent and eliminate odors. A typical contact 
aeration plant is shown in figure 22.. 
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Figure 22, Contact Aeration Plant 

For effective operation, an aerobic condition must be maintained in , 
all units following the primary settling tank* Air distribution must be 
efficient, ..plate growths must be renewed at intervals, and sludge in units 
following the primary settling 'tank must not l?e allowed to become septic. 

Contact aeration requires the screening out of floating and suspended 
organic matter to protect contact surfaces. Grease and scum must also 
be removed to prevent them from coating the surfaces and interferring 
with biological activity in the aerator. Primary settling tanks are usually 
provided for this purpose . 
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Recirculation \ 

Recirculation is usually not required in contact aeration except for 
odor control at full loading. The effluent from the second stage aerator 
contains the highest concentration of dissolved oxygen and aerobic organi- 
sms. When this liquid is returned to the inlet of the first stage aerator, 
this concentration of dissolved oxygen helps to meet the initial high oxygen 
demand and the. returned organisms seed the mixed liquor and the film 
growth on the contact plates. This. recirculation usually eliminates odors 
and produces a higher degree of treatment. 

Operation of Contact Aerators 

The exact operation of all contact aeration plants cannot be given in 
one hard fast set of rules because each plant is different and varies in 
operation. The following procedures should be noted when operating a con- 
tact aeration plant. 

When a contact aerator is placed in operation or returned to service 
after the plates have been cleaned, apply the primary effluent at a rate 
not to exceed 25 percent of the normal flow. Sufficient quantities of air 
diffused into the aerator until a heavy growth appears on the plates. When 
a dissolved oxygen concentration of 1 p. p.m. is obtained in the first stage, 
gradually increase the flow and air input until the full flow is obtained, 
' maintaining the D.O. of 1 p.p.m. and 3 p. p.m. respectively. Air valves 
should be regulated to apply approximately two-thirds of the air to the 
primary aerator. If adequate D.O. concentrations can be maintained, 
one or more tolowers can be cut off during low flows. 

Make sure air is distributed evenly through the contact area of the 
tank, and air pressure readings should bs recorded. Air by-passing any 
part of the contact surface will result in dead spots favoring anaerobic 
growths. Clogging of perforations in the air distribution grid is prevented 
by blowing out the grid daily. At plants with overhead air distribution, 
drop pipes can be disconnected at the union for removal and cleaning of 
perforated pipe. 

Note and record growth characteristics on contact plates. For this 
purpose removable observation plates of asbestos cement are placed in 
each of the aeration sections between the contact plates. The color of the 
growth indicates its' oxidizing power; a brown thin film is most desirable, 
with a grayish thin film next. A black film or any underlying black por- 
tions indicates a septic action, which is undesirable. An odor of hydrogen 
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sulfide (rotten egg) will also tell you that a septic action is taking place 
in the process. The heavy growths or biologically dead or inactive film 
must be cleaned off the contact plates. Once these organisms die, they 
are no longer of any use; they are then removed from the contact plates 
with high pressure water or compressed air. 

Sludge should be drawn from intermediate and final settling tanks at 
four-hour intervals and returned to the raw sewage flow. To avoid septic 
conditions, squeegee sludge from the hoppers daily. 

Wash down walkways and brush influent and effluent channels every 
day. ' . ' 

If two or more intermediate settling tanks are used, keep only enough 
tanks in service to provide 1-1/2 hours detention at the average daily rate 
of flow. 

Dissolved okygen concentrations in the effluent from each aerator 
section and in intermediate and final settling tank effluents should be 
determined each shift. The B.O.D. and suspended soUds test on com- 
posite samples of raw sewage and of primary, intermediate, and final 
effluents also should be jnade. 

Record the estimated or mejered volume of air used daily; estimate 
quantity of sludge returned eich day to the raw sewage flow; daily quantity 
and method of recirculation; time at which units are taken out of and re- 
turned to service; and the daily average of the results of dissolved oxygen. 
Li general, all records that are kept current can be observed and the 
P^"*''^__®^^ci®"<^y ^ determined. They also prove valuable when 
checking out a new operator on the operation and maintenance of the plant. 

SUMMARY ' 

Secondary treatment of waste water is a fiirther decomposition from 
the primary treatment. There are several units that can be used in the 
secondary treatment process. You may find some plants using all or 
a part of them. 

The dosing siphon is an automatic device that keeps the trickling 
filter loaded. The dosing siphon is located in a dosing tank somewhere 
between the primary clarifier and the trickling filters. 
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Trickling filters are made up of circular or rectangular tanks filled 
with rock. Primary effluent is i^prayed over the rock and bacterial action 
further reduces the waste products. 

Oxidation ponds are the simplest form of treatment. Under certain 
conditions they offer economical treatment and disposal. Their use is 
suited to warm, dry climates. 

In the activated sludge process, air is mixed with the sewage in an 
aeration tank. Since aerobic bacteria are used, then air is necessary for 
,them to live. Regulation of the air supply is very important to the activa- 
ted sludge system. 

Contact aeration is basically art aerobic biological process. It con- 
sists of passing settled raw sewage through aeration tanks. Air to support 
organic life is blown through perforated pipe. Biological action is 
similar in some respect to that in trickling filters. 

QUESTIONS 

1. The dosing siphon transfers waste water to what other treatment unit? 

2. If a trickling filter began to fill up with water, what would you 
diagnose as being the trouble ? " - ' 

3 . When a trickling .filter bed is replaced, how long does it take to 
reach its full efficiency again? 

4. What is. meant by ponding in a trickling filter? 

4 

5. .Why must oxidation ponds be limited in depth? 

6. Where sould oxidations ponds be most elective geographicall. 

7. Is there an effluent from an oxidation pond? 

8. Describe activated sludge. 

9. Name the two general aeration methods us^d for the activated 
.sludge process. ' 
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10. Contact aeration uses a biological action similar to what other unit' 

\ * 

lU In contact aeration, on what is the biological film grown? 



12. If ajiydrogen sulfide odor ih coming from the aerator, what would t> 
ypuV diignosi^? 

REFERENCE 

AFM 85-14, Maintenance an^ Operation of Sewage and Industrial Vaste 
Plants and Systems 
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TKRHARY TREATMENT 



OBJECTIVE 



The purpose of this study guide 1.^ t\j familiarize you with some of rhe tertiary 
treatment processes! 

INTRODUCTION ; ^ , ' 

Muchllas been written over a period of many years about the n<.*ed to control pollu- 
tion. More recently, there has been a rapid rise in interest in treating wastewaters 
for more direct and deliberate reuse. The advanced waste treatment research pro- 
gram of Public Health Service has begun to develop and demonstrate prarti'*^) ' \ns 
of treating municipal sewage and other waterborne wastes to remove the ma>imiir i 
amouixt^of-pollutants. The purpose.pf this is to restore and maintain ion's 
water at a quality suitable for repeated reuTe,\ 

The current terms ''tertiary treatment" and "advanced waste treatment" ar*=* h^in^ 
used to describe a great variety of seWage treatr^ient processes wKicti range from sim- 
ple ponds used to polish secondary effluents to complex demineralization schemes. 
The materials found in secondary effluents which are of concern in most pollution con- 
trol programs are suspended solids, B,, 0,,D, , bacterial concentrations, phosphates, 
and nitrogen. Where direct water reuse is being considered, removal of soluble non- 
biodegradable organic materials and dissolved solids may also be necossary. 

The processes discussed' in this study guide will be limited to some of the main 
ones, where secondary treatment is inadequate for removal of O. D, , susp^^nde'l. 
solids, phosphate, and nitrogen, j — — - - , 

Tertiary treatment will be discussed under the following main topics: 

* PRINCIPLES OF TERTIARY TREATMENT 

\ * METHODS OF TERTIARY TREATMENT 

\ ' ^ ^; * . 

' PRINCIPLES OF TERTIARY TREATMENT / 

^ The term tertiary treatment, means third-stage treatment for sewage or waste- 
water. It is used primarily for polishing secondary plant effluent. The principles used 
may be physical, chemical, or biological in nature. Some processes used are- -plain 
.sedimentation, chemical precipitation, filtration, ion-exchange, activated carbon ab- 
sorption, electrodialysis, evaporation, liquid-liquid extraction, freezing, reverse 
osmosis, oxidation ammonia stripping, stabilization ponds, and others. Tertiary 
treatment can be just about any process used after normal secondary treatment. 
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The best conventional prpcesses may achieve a 90 per/cent reduction in D, 
and suspended solids and do a good job in reducing microbial contaminants. To go 
.much beyond 90. percent treatment^ other methods are?needed# No one method of 
tertiary treatment is the best in every plant» because eac^ plant has different pr^- 
lems and capabilities* In many cases, a combination of some of the processes men- 
tioned are used to meet specific reuse requirements economically, 

METHODS OF TERTIARY TREATMENT 

.1 / 
Quality requirements for water jreuse vary widely/. Sometimes B, O, D, plays a 
part, but more often other characteristics are mor^ important. For example a water 
that contains gross ^solids or tends to develo^p slinles would be undesirable for reuse in 
most cooling systems. Color, hardness, the concentration of specific minerals and 
ions, temperature, pH, turbidity, salinity, and uniformity of quality may be deter- 
mining characteristics for a particular use or tr*- Itment method, iSometimes a com- 
plete tertiary treatment system may be warranted for the removal of objectional 
materials, 

; Filt ration ) 

Sand filters, coal filters, and microstrainers have l^een enhancing the quality of 
some secondary effluents for years. Following 'good secondary treatment, plain fil- 
tration (filtration without the addition of chenaical coagulants) can remove most sus- 
t>fnded solids and B, O, D, This makes the effluent suitable for many industrial uses. 

D-E Filtration ' . > 

Studies have been made on diatomaceous earth (D/-E), filtration of secondary efflu- 
ents; where D-E was fed^at a controlled rate to the effluent which is then passed 
through a precoated filter septum. It was found that D-E filtration produced a final 
I effluent with no detectable B, O, D, and only a trace of suspended solids* The major 
problem associated •;%'itb D*E filtaticn is its inability to tolerate significant va;riations 
of suspended solids concentrations, A filter run of only ten minutes can occur during 
periods of high solids, making this process very costly. Even if the secondary effluent 
^urbidity can be maintained at less than 10 units, it has been estimated that the oper- 
ating cost alone will be 7»5 cents per 1000 gallons, exclusive of the cost: of,' disposing 
of ^he spent filter cake* The following discussions will show that other m^eans of efflu- 
ent filtration can be provided at much lower costs* { | 

i - ■ ■ ! 

Microstrainers 

t . , ' 

1 I 

Micros training is another process that may be used for tertiary treatment* A 
recent study has shown that a microstrainer >^ith openings of , 001 inch wojiild remove 
an average of 89 percent of the suspended solids found in the secondary effluent, A 
micrpstrainer with , 0015 inch openings would retoiove 73 percent. Caution must be 
observed about the adverse effect of grease and high secondary effluent solids content. 
The estimated cost of microstraining is about 1. 5 cents per 1000 gallons for a plant 
t.reating 10 mgd. 
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One r^poried problem concerning the ability of a micros trainer to handle Vide 
fluctuations of solid loadings was that an increase in secondary effluent suspended 
solids from Z5 to 200 mg/1 caused the output of the strainer to drop from 60 to 13 
^pm in a. few minutes. As with D-E filtration, microstrainirfg alone does npt.vpro- 
vide rel/able tertiary treatment because it is not capable of handling the variations 
in-^suspended solids which occur in most secondary plants. 

Slow Sa-nd Filters 

Slow sand filters have been used for polishing of secondary affluents. In addition 
to requiring very large land areas and considerable maintenance, they have been found 

to be ineffective due to rapid clpgging of the filters, , - ' ' 

/ 

Filter N^edia , Distribution - 



I ^ Ic is apparent from tho nho*'e infor- 
mation, that filtration uc sr. on/lnvj riiiu 
ents is a difficult problem. Hit varia- 
tions in effluent quality which adversely 
-affect D-E filters^ microstrainers, and 
slo>y sand filters"^lso have an adverse 
effect on rapid sand filters. 

The sensitivily of a rapid sand filter 
to high suspended solids concentrations 
can be readily understood by looking at 
figure '1. "Figurt* 1 illustrates a cr^oss 
section of a typical single -media filter, 
such as a rapid srfind' filler. 




Figure 1. Rapid Sand Filler 



M'jsi of th«, material removed o\ rho lilter rcrhoved al ur very near the surface 
oi the oed, Whpn the secondarv »*nlu<*til cont-iitis ri laiKtiy hign soli'^^ conci.nTations . 
d sand filter will clog at the suridv.^^m only a lf^^ nutiar5.s. As wovild expt ^.-led from 



:he gr.an size distribution illustrated m figure 1 
Cw*rrs m the upper one inch of the rapid 
sa^id beds when fiitcmig aclivaw-d" sludu^'; 
\}i^r,t eriiuentT ' ^ 

One approach to increasing the ef- >. 
fective filter depth is the use of a duai- 
media bed with a discrete layer of coarse 
coal above a layer of fine sand, as shown 
in figure 2, The work areA'is extended, 
although it still does not include the full 
depth of the bed, as there is some fine 
to coarse stratification- within each of 
the layers. Effective size of the sand 
in a typical dual filter is 0.4 -,0,5 mm. 
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It has been found that grain size is of major importance in determining how effi- 
ciently the filter removes suspended solids. The effluent should pass through as fine 
a filter material as possible. This pres^ents a serious inconsistency in design of a 
dual«»media bed, as shown in figure 2* It would be desirable to have the coal as coarse 
as is consistent with solids removal to /prevent surface clogging. The sand needs ta be 
as fine as possible to provide maLXimum solids removal. However, if the sand is too , 
fine in relation to the coal, the sand will actually rise above the top of the coal during 
the first backwash and remain there when the filter is returned to service. Fur exanji- 
ple, if a 0; Z mm sand were placed below 1, 0 mm coal, the materials would actually ^ 
reverse during backwash, with the sand becoming the upper layer and the coal, the bot- 
tom layer. Although the sand has a hij^gher, specific gravity, its small diameter, in 
this case, would result in its rising above the coal at a given backwash rate. 



Mixed-^Media Bed 




Figure 3. Coarse To Fine 



To overcome the above problem and 
to achieve a filter which closely approaches 
an ideal filter is illustrated in figure 3. 

The probiem of keeping a very fine 
media at the bottom of the filter is over- 
come by using a third, very heavy (gar- ' 
net, specific gravity of about 4.2) very 
fine (0. 15 mm) material beneath the coal 
and sand. The resulting mixed-media 
filter has particle size gradation which 
decreases from about 1 mm at the top to 
about'O. 25 mm at the bottom. This'^filter 
has a coarse upper layer to reduce sen- 
sitivity to surface clogging but forces 
the effluent to pass through a much finer 
media' than does either a sand or coal- 
sand bed. The uniform decrease in par- 
ticle size with filter depth allows the entire filter depth to be utilized for floe removal 
and storage. This discuseion describes the effluent quality achieved by mixed-media 
filtration from a properly designed activated sludge plant. The D. is less than 5 

mg/1; and turbidity, less than 5 units. The cost of this application .of mixed-media 
filtration (including both capital and operating costs") is about 1 cent/ 1000 gallons. 

Although a mixed-media filter can tolerate higher suspended solids loadings than 
can the other processes discussed, it still has an upper limit of applied suspended 
solids at which economically long runs can be maintained. With suspended solids 
loadings up to 120mg/l, filter runs of 15 to 24 hours at gpm/sq. ft. have been main- 
tained. Solids concentrations of 500 mg/1 or more will lead to uneconomically short 
filter run^, even when using a mixed-media filter. A reliable tertiary filtration sys- 
tem will require either a seondary effluent of uniformly good quality^ or some inter- 
mediate treatment to reduce any extremely high solids concisntrations prior to filtra- 
tion. Since the former is very unlikely, a unique device has been developed which 
permits supplementary settling of secondary effluent with a minimum of space and cost. 
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Coagulation and Sedimentation 

Coagulation and Sedimentation alone can reclaim Water suitable for many uses, 
and they can also prepare secondary effluents for evei higher degrees of treatment. 
The cost is primarilyldependent upon the coagulant dose\requix:ed. Generally, greater 
quantities of 9oagulant, are ne« -*ssary to precipitate phosphates than for effective tur- 
bidity removal. For example, an alum dose faf 25mg/jl mky produce excellent coagu- 
lation and rriinimum tuirbidities, but it wiU reduce the phosVhate content only slightly. 
To remove most of it x*equires about 150-200 mg/1 f^g)^ Lime doses are usually 
about iw/ce as great tolobtain the same results, but si^flpL price of lime is only 
half that of alum, costsj.are comparable. ' 

ICfficient coagulation and settling of a good quality] secondary effluent will provide 
a finaljpfoduct with a turbidity of 1 to 2 units. Suspended solids and B.O,D. will be 
less than ^mg/1. Phosphates can be.reduced to 1 or 2jmg/l by Wing enough coagulant. 

' / \ 

Large doses of coagulants yield massive quantities of chemiWl sludge; however, 
recovery and reuse are niore economical than disposing of the sludge and- purchasing 
new coagulant. Recent stbdies prove that lime r^cove^ry and reus^ are feasible. 

Filtration and Coagulation 

T9 remove nearly all of the particulate mitter requires the filtj^ation of the chem- 
ically coagulated effluent. ^Setfcling must precede filtration with the uW of conventional 
rapid sand filters. If chemically treated secondary effluent were applied directly to a 
conventional sand filter,, the surface would quickly seal. Only by usin^g mixed-media 
filte/rs is it possible to eliminate the need for settling of the chemical iloC. However, 
if frequent and sever^ upset^ of the secondary clarif^er occur, it is best^to provide 
settling prior to filtration. 



At a 2. 5 mgfl water reclamation plant at Lake Tahoe, the coagulated and filtered 
rffTuent (no settling) had a B. O. D. less than 1 mg/l^a C. O. D. (chemical lOxygen. demand) 



a' color of 10 td^ 30 units, a 
c^ss than 2. 1/100 mi following! chlor- 



of 20 to 60 mg/b/ a phosphate content of 0. 1 to 1.0 mg/l, 
turbidity of 0. 1 to 1.0, and a coliform content of l^ss tha 

ination. No viruses werejpresent. Even with the chemical doses necessary for phos 
phate removal, the high degree of treatment costs (only $80 to $100/mg for a 10-mgd 
plant. When lower doses are satisfactory, cost may dip to $20 to $30/mgj 



Adsorptiph 



Aiziivated carbon is an effective adsorbent. Other materials are also idsorbent in 
/nature but none is as effective as carbon for manyjClasses of organic substinces. When 
municipal activated sludge elements are passed through beds of granular caWbon or 
when powdered carbon is slurried with the effluen^, the removal orYO to 95|percent of 
the C. O. D. -bearing organic materials are eliminkted. The carbon treated effluent is 



clear and nonfoaming. 
ly colloidal.^ 



The organic materials escaping carbon are believed 



to be large- 
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The principal factors in the use of activated carbon for treating municipal effluenis 
are listed below. 

1. Contact times of 15*30 minutes in granular beds or 3-5 minutes with powdered 
carbon in required. 

2. Carbon reactivation is necessary to reduce costs to acceptable levels. Ther- 
mal regeneration haa been proven practical. The actual technology for reactivating 
granular carbon on a large scale is known. Reactivation of powdered carbon has been 
shown feasible, but the technology is in an early stage. 

3. Pretreatment of an effluent ahead of the activated carbon may be required. 

\ 

4. 0. 5 to 1 lb of carbon will treat 1, 000 gallons of secondary effluent. 

5. Preliminary cost projections for reduction of 50 to 70 mg/l of C. O. D« to 
10-15 mg/1 arc from 5-10^/1, 000 gallons of wastewater for plants larger than ID^gd. 

6. Inorganic salts arc not removed by carbon. 
Elect rodialy sis 

Elcctrodialysis has the capability of reducing the concentrations of inorganic ions 
in water and is already a commercially proven process. The brackish water source 
of Buckeye, Arizona, for example, is converted to a usable supply by electrodif lysis . ^ 

Studies have shown that inorganic ionic materials in waste ellluent can be reduced 
by electrodialysis on a relatively nonselective basis. The feed to the elcctrodialysis 
process should be nearly free from organic contaminants. Suspended solids must also 
be at a very low level to avoid physical plugging of the electrodialysis cells. 

Some of the significant findings on electrodialysis of municipal wastewaters have 
been as follows: 

1. 6-10 kwh/1,000 gallons is the estimated power required to remove 300-500 
mg/1 of solids. 

2. Product to waste volumes of 10:1 can readily be achieved and 50:1 has been 
accomplished*. 

3. Total cost for electrodialysis will vary with the amount of materials removed. 
Preliminary estimates indicate that 15-20^/1,000 gallons may be the range for munici- 
pal effluents. This cost does not include allowance for necessary pretreatment or^for 
ultimate disposal of the brine concentrate. * ^ 

SUMlwIARY 

The term tertiary treatment, means third-stage treatment for sewage or waste- 
water. It is used primarily for polishing secondary plant's effluent. The principles 
used may be physical, chemical, or biological in nature. 
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Some processes used are plain sedimentation, chemical precipitation, filtration, 
lon-exchange, activates carbon adsorption, electrodialysis » evaporation, liquid-liquid 
extraction, freezing, reverse osmosis, oxidation, ammonia stripping, stabilization 
ponds, and others • Tertiary treatment can be just about any process used after nor- 
mal secondary treatment. No one method of tertiary treatment is the best in every 
plant, because each plant has different problems and capacities. In niany cases a 
combination of some of the processes mentioned above are used to meet specific re- 
vise requirements economically. 

QUESTIONS 

1. Define tertiary treatment. 

What is the purpose of tertiary treatment? 

3, List three main principles of tertiary treatment. 

4, List five tertiary. treatment processes. 

5, What is the reason for the special arrangement of media in the mixed bed filter? 

6, List two^disadvantages of D-E filter, 

7, Name four impurities that can be reduced by tertiary treatment, , 

8, The organic materials escaping carbon are mostly * , 

REFERENCES 

1. The American city-magazine of Municipal Management and Engineering June 1967. 

2. Control of Water Pollution by Waste Water Utilization. 
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CHLORINATION AND STREAM SURVEY 

OBJECTIVE ' • * ' . 

The objective of this study guide i» to develop your understanding of the jjrocedure 
used in pre-chlorination and post"*chlorination of sewage and wO familiarize you with 
stream pollution control and the chemical test used ibr determination of stream 
ppUution. 

INTRODUCTION 

The need for sewage disinfection cannot be overstated. The increasing population 
and the^growing demand for water supplies lead us to co; 3ider sources that were not 
suitable years ago. With the population increase comes more need for swimming 
areas and also more bodies of water to receive sewage plant effluents. Chlorination 
is used to disinfect final effluents, control odors^ and to protect our sources of 
water. 

Chlorine may be obtained in the Uquid state, chloride of lime or a sodium 
liypochlorite solution* 

The information regarding pre- and post-chlorination of sewage and pollution 
control b/ stream surveys will be presented in this study guide under the following 
main topics. ^ 

* PRE- CHLORINATION 

* IN-PLANT CHLORINATION FOR OPERATIONAL CONTROL 

* POST - CHLORINATION 

* STREAM SURVEYS 

* STREAM ASSETS AND LIABILITIES : 

* LOCATION OF STREAM ANALYSIS 

* CORRfeCTIVE MEASURES 
RECORDS 

PRE- CHLORINATION 

Pre-chlorination>is the adding of chlorine to sewage as it enters the plant. 
Disinfection of raw sewage without further treatment is not practical because of 
limitedveffect of cnlorine on large solids as well as being expensive. ^ 
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Low Flows . 

Pre-chlo -inatiou mav be usod o •jew.i^o irc-oh aa*! .jrc. i*nt i>:!.>rs v,h«n 

sewage flowo are b<*lo^ the rate lor which the treatment plant was designed and 
detention periods in settling tanks are excessive. The amcunn o£ chlorine required 
depends on how putrid the sewage Is when it reaches the plane* A dosage up to 
5 .ppm, even withoat reai'dual, is usually effective. , 

Odors 

Chlorine acts immediately on hydrogen sulfid3 gas to prevent odor. Influent 
to trickling filters may also be p.re -chlorinated co control odors. This Is usually 
done only when prevailing winds are in the direction of inhabited areas • Elimination 
of foul, odors from sewer systems and treatment planzs throughout the year is 
increasingly difficult. With che rapid jrowth of population and modtjrn highwa//s into 
the outlying districts the problem has becooKrwu/se in recent years, 

iN-PLANT CHLORINATION F03. OPERATIONAL CONTKOL 

In some areas of plane op.fration, chlorination is used. This type of chlorination 
is neither pre- or post- chlorination but is defined as in- plant clilorjnation. 

Filter Control By In- Plant Chlorination 

Ponding of triciding filters can often be corrected by applying heavy dosei* of 
chlorine to the filter influent* A residual up to 5 ppm applied 3 or 4 hours daily for 
several days causes the solids to crumble and fall away from the filter rocks* 
Application is best made at night when sewage flow and chlorine dosage are low. 

Filter flies can be controlled somewhat by chlorination to a residual of 0. 5 
to 1. 0 ppm for several hours at 2 week intervals* Care must be taken not to decrease 
filter efficiency by destroying bacterial growth. 

Activated Sludge Control 

Chlorine may be applied to return activated sludge to correct bulking caused 
by fungus growths. The dosage depends on the solids content of the slud;ge; over- 
chlorination must be avoided becausft it may effect the biological life in the 
activated sludge* 

Chlorination may be started by applying approximately 1 ppm (based on return 
sludge flo*^) and increasing the dosage daily by small amounts unr.il a slight turbidity 
is noted in the final tank. Dosage should then be decreased. In most cases the 
maxinium- dose should not exceed 8 ppm* 

If a bulking has been continuous or continues to reappear whenever chlorination 
is stopped, a small amount of chlo;rinc applied continuously (after bulking has been 
remedied by heavier chlorine dosage) may help to maintain a low sludge index* In 
MOTM cases this may also be accomplished by continuous low chiorine dosage of the 
incoming raw sewage* 
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POS r - C HLOR2N ATION 



Post-chlorination is chlorination of sewage, plant finaleffluents to reduce bacteria - 
and B. O. D, ; it is usually used only when necessary to protect the receiving stream. 
Deterrmnation of the necessity to ase post-chlorihation is made by the major air 
command, , 

Disinfection 0f Plant Effluents \ 

Disinfection is generally necessary when sewage effluents are discharged to . * 
bodies of water used for domestic water supply, reprodact\on of shellfish, recreation 
or craining activities, and irrigation. Disinfection may be y^egular^s when supplies . 
^re endangered, or seasonal as when the stream is used for sVimming. During 
rainy seasons or periods of high ran off, disinfection may not be.necessary because 
of the increased dilution of sewage by heav> flo^vs. Because chlorine demand and 
sewage flow will vary the chlorine residual of the effluent should bexchecJked hourly 
^■the rate" of chlorine feed may be adjusted, \ 

\ 

\ 

Complete sterilization of sewage is not practicable or economically feasible, 
but the redaction of bacteria coant in settled or treated sewage effluents is^as high 
as 99.-3 p^^rcen: following chlorination for a 15 minute contact.period with a residual 
of 0. 3 to 0. 5 ppm. This residual will usually kill all types of disease -producing 
bacteria and insure effective disinfection, ^ \ » 

A 15 minute contact detention period is necessary to provide time for chlorine\ 
to cpncact and kill organisms. This may be in a separate contact chamber baffled x 
to prevent short circuiting (see fig. 1) or in the outfaU sewer if it is long enough. 




Figure U Chlorine Contact ^Tank 



Reduction of B,O.D. 



Each ppm of chlorine added to sewage effluent reduces B.O.^D. in the receiving 
stream by 1 to E ppm* This B. O. D* reduction is effective in preventing septic 
condition^ or low dissolved oxygen content in a stream where the dilution factor is 
low.. The effect is lost however if there are slud.'^e banks in the stream below the 
outfall. 
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For post-chlorination to protect receiving streams, a chlorin.* rosidaai to 
0.5 ppm is adequate although higher residuals may be required d uring low stream 
flows. Post-chlorination is not a cure-all for poor stream conditions and cannot 
replace proper sewage treatment and correct operations* 

* ^ • 
STREAM SURVEYS 

Stream surveys should be made once each week on successive days (Monday the 
first week» Tuesday the second week and so on). Collect the samples S'hortly after- 
, noon on thes^ days. 

Purpose of Stream Survey , 

% 

A stream or large body of water is commonly used for final disposal of liquid 
wastes. Sewage is usually treated to some extent before such disposal. The extent 
of treatment required depends on the ability of the stream or body of water to 
absorb wastes without pollution. 

The requirements of the receiving water is the first consideration in 
establishing 'the basis for design* of the treatment plant and thereafter operators 
must knofw^and meet these requirements consistently. 

Other items in a stream survey are noting stream conditions, such as 
turbidity, presence of algae or types of fungus, sludge deposits, ^vegetation on 
stream bottom/ fish life, oil, and odor; edtixnating relative stream flow, such as 
high, average, or low; or gaging flow when a gaging station is near. When 
effluents are discharged to lakes or tidal waters, stream tests should be 
modified according to technical recomxnendations of major command sanitary 
engineers. 

STREAM ASSETS AND LIABILITIES 

\ 

Unless it is grossly polluted, every stream or body of water has certain assets 
to balance against the liabilities of pollution. All natural waters are somewhat 
polluted by vegetation if not by sewage or wastes. B.O. D. is a liability. On the 
other hand, the concentration of dissolved oxygen in water and its ability to absorb 
oxygen from the surrounding air (reaeration) are assets. Removal of oxygen from 
the water to satisfy B.O. D. is called deoxygenation. 

Oxygen is less soluble in warm water than in cold water, so there is less 
oocygen available to combat organisms during summer flows when decomposition 
is most rapid. For this reason, and because of accompanying lower stream flows 
stimmcr is the critical season of the year for stream protection. 

. Sunlight promotes the growth of algae^ which produces oxygen during the day 
and helps to stabilize organic matter in the stream. Heavy pollution may deplete 
the oxygen daring the night when algae is inactive. Because of this, sunlight 
conditions may affect results of stream surveys. Algae and other vegetation use 
the nitrogen, carbon dioxide mineral, and other compounds in air and water for 
growth and development. Treatment of. sewage Affluents to a point of high 
nitrification is not always desirable because it promotes "abundant vegetation that 



eventually decomposes and causes serious natural pollution which, m some cases, 
may exceed pollution caused by sewage. 

Solids from natural sources cai^ried by the stream and those produced by 
sewage effluents tend to settle in the stream bed, forming sludge banks where 
anaerobic decomposition takes place. Figure 2 shows a section of such a deposit. 
There is actually a gradual grading between the aerobic and anaerobic zones rather 
than the definite line shown. 
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Figure 2. Section of Sludge Deposit in-Stream Showing Zones-of-Action * 

LOCATION OF STREAM ANALYSIS 

Select at least three sampling points as follows; above the sewer cuitfall, 
point of discharge below a point where sewage and water are well mixed; or 
several miles below the outfall at^the critical point for definite flow and weather 
conditions, which is the point pf minimum dissolved oxygen as determined by trial 
and past records. - ' ■ ' 

Samples should be collected at each established sampling point for the 
determination of B. O. D. 'and dissolved oxygen. Note, t^e water temperature at * 
each sampling point. Where sewag,e effluents are discharged above water supply 
intakes, stream samples for bacteriological analysis mayalso be required. 

CORRECTIVE MEASURES ■ 

The following sewage treatment procedares are essential for correction of 
stream 'pollution; removal of solids to prevent sludge deposits, reduction of B. O. D. 
in solids and in solution; reaeration of plant effluent -by methods such as the step 
aerator shown in figure 3; treatment to the point of low nitrification if algae are 
detrinirntal to stream purification; under crit\pal conditions, chlorination of plant 
effluent, which tends to delay deoxygenation. 

RECORDS 

Records of ^ream surveys are valuable aids in'controUmg treatment operations, 
as well as in the design of alternations and additions to the p\ant. In the event of 
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damage claims based on alleged stream pollution or nuisance, such records are 
* important legal documer-ts. The result of all test and observations should be 
recorded on the Sewage Utility Operating Log .(supplemental). 

'^^ummaries of stream surveys shall include general conditions of weather and 
stream llow, distance of sampling points from the outfall, dissolved oxygen. B.O. D. 
and percent of saturation* 




Figure 3. Step Aerator for Increasing Oxygen in Stream 



SUMMARY 

Chlorine is used in sewage disinfection and^t)dor control. It comers in several 
forms but is commonly used in the gaseous state. Pre-chlorination is the 
a*pplication of chlorine to sewage as it enters the plant inlet while post-chlorination 
is accomplished by chlorinating the final effluents to reduce bacteria and B. O. D. 
Stream surveys are necessary for stream pollution control. Stream surveys 
include visual observation of the receiving stream and applicable chemical 
analysis. Stream survey records will indicate the need'for corrective measures 
' or adjustment if necessary. Such records are good legal documents and aid in 
ciiange or design alterations of a plant. 

QUESTIONS 

1. Why is chlorine added to sewage? 

* • 

2, Define pre-chlorination. 
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3. 
4. 



Define post-chlorination,5J 



How long a contact detentio»i period is required to provide tin>e for chlorine to 
contact and kill organisms? 



3, Why are stream surveys performed? 

6, How often are stream surveys made? 

7, List tho three sampling points of. a stream survey, 

8, List five visual items to be observed during a stream s'urvey. 

9, Why is s_u.Tim.ar the critical ^eas^on for stream.protection against pollution? 

10, What is a step aerator? 

s 

11, Give three reasons why stream survey records are valuable, 

12, What is deoxygenation? 

REFERENCES . . - - 

AFM 85-14, Maintenance and Operation of Sewage and Industrial Waste Plants and 
Systems, 
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INDUSTRIAL AND I^ADIOACTIVE WASTE 



The purpose of this study guide is to familiarize you with the proper pro'ced.ire in 
treating and disposing of industrial and radioactive wastes. j 

INTRODUCTION v • j, 



Industrial wastes differ from domestic or sanitary wastes (sewage) since it contains 
many contaminating chemicals. Industrial ^nd radioactive waste are more difficult/to 
treat than sanitary wastes since ihej>> pr,6vide a potential to water pollution. It is the 
responsibility of the installation engineer to supervise in the treatment and disposition of 
industrial wastes. This is accomplished in such a mariner as to meet antipollution 
requirements which are established by-State control agencies. 

■ Air Force personnel may encounter radiation which is produced by many sources 
on an installation. The equipment which produces these radioactive wastes are reactors 
radioactive isotopes. OC-ray machines, and electronic equipment. The radioactive equip' 
ment or materials produce X-rays, gamma rays, and beta or alpha particles which over 
a period of exposed time may cause/severe injury to personnel. 

. InforxT.ation on_industfial and radioactive wastes wiU.be^covered under the following 
main topics: * 



* TYPES OF INbUSTPIAL AND RADIOACTIVE .^ASTES 

* HAZARDS OF UNTR-£ATED WASTES. 

* INDUSTRIAL AND RADIOAQTIVsVasTE SURVEYS 

* GENERAL TREATMENT METHODS \ 

* PROCEDURES FOR HANDLING AND DISPOSING OF RADIOACTIVE WASTES 

* GOOD MAINTENANCE PRACTICE - 

TYfe OF INDUSTRIAL^ND RADIOACTIVE WASTES 

■ Industrial and x-adioactive waste s"~generated at Aif Force insUllations are chiefly 
products of equipment- repair, aircraft-and vehicle washing., cleaning of equipment, and 
the use of.chemicals. These wastes are as varied asi cdmmercial operations themselves; 
aiid. therefore, treatment for each type of waste must.be considered separately. Each 
type of treatment mutt be modified to satisfy the requirements of the different state 
water pollution laws. Some of the wastes you will be coricernt i with are'^yanides-. 

Chromium coml3ounds..^acids....alkalies. organic solvents, and-pro.iucts of radioactive 

materials. " ' ' 
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Cyanides 



Cyanides are produced in metal plating, steel hardening;, rust pi/'cveniion and stain 
removal processes. Cy;Hnide wastes require separate treatment frqhi other types of 
wastes sin«.^ it {>rod»iccs a sourcv of dan^^vr.to potable water. In moyl cases waste? 
cyani'^Jes have concentrations of less than 0. ppm because of its diluMon vuith wnter. . 

Chrotni'im Compounds 

Chromium compounds originate from chromic plating, blight dipping, copper strip- 
ping, and anodizing: operations. Q^l^er toxic wastes, such a^s copper, lead, and 7.111c, ar 
produced in metal plating operations. When these wastes are above a cortaii. con cntra- 
tion t' ey become toxic to the anaerobic .sludge digestion processes at Uic seviage treat- ^ 
ment J^la^nt. Compounds' of chromium are not all equally toxic. Chromic acid^and 
chromic salts, especially potassium and sodium bicarbonate, are far more toxic than th» 

natur(.il salts and oxides. - 

—■1 '* 

The US Public Health Service drinking water standards list the following maximu'hi 
allov/able — concentrations: • 



Hexavalen^: chromium 

Lead 

Copper 

Zinc 



0. 05- ppm 
0. 1 ppm 
3.0 ppm 
15.0 ppm 
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Acids and Alkalies , > 
i ' - , ' 

Acids and alkalies are produced in the pickling.and cleaning ope^rations of metals. 
i\cfid wastes interfere with sludge digestion and biological action in the treatment 
processes. Excessive acidity will also cause corrosion damage. The average critical 
concentration of sodium hydroxide and calcium hydroxide is 100 ppm. 

Where both acid and alkali wastes are involved, the mixing of the two .may provide 
the required pH correction. 
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Organic Solvents 



Organic solvents, phenols and aniline, are waste products in paint ^moval, cl.eaning 
of equipment and jresearch. ,The average pH values of organic cleaning compounds 
range from 7.0 to^ 9. 0, and the solvents contained interfere with. bacterial activity ii 



range 

sludge digestion 
water supplies. 

Greases, Oil £mi 
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These solvents and phenol cause objectionable^ tastes and odors in 



Isions, and Detergents 



These wastes 
and laundry opera 
carrier Systems 
also interfere withi 
wastes. 
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result from cleaning of aircraft, grpund Jpower equipment^ motor pool,, 
ions. Grease and oil wastes must be segregated to avouTcoating 

treatment units and increafing B. O. D. Grease-oil coatings will 
the efficiencies of precipitants used lor sedimentation of industrial 
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/ The acceptable limit of oil concentration in wasted ranges from 15 to 30 ppm, 
depending on stream usage. Laundry wastes, which usually carry pH values from 9. 0 
to 10.8, release carbon dioxide which causes partial sludge flotation. ^ 

V . / ■ ^ : . ^ ■ ^ 

' /Radioactive Wastes 

Radioactive wastes may be encountered by*AF personnel since this radiation is 
produced by many sources. It becomes important for you to know the nature of a par- , 
ticular operation and guard against accidental exposure to radioactive materials. An- 
* other means of determining if radioactive substances are involved is to check the opera^ 
tionvwith a radioactive survey meter. There are several types of radiation which will 
cause serious injury if you are exposed. , The types of radiation most often encountered 
are X-rays, gamma rays, and beta or alpha particles. 

HAZARDS OF UNTREATED'VraSTEB ^ 

Many hazards are developed from untreated wastes such as, fire and explosions, 
toxicity, and interference with stream purification. In addition, there are odor, sight, 
and taste nuisance 



Fire and Explosion/ 

w 

• Highly flammMle compounds and vapors in industrial wastes create fire and explo- 
sion.liazards, parr'^ularly when discharged freely into sewers or to the ground. Vapors 
from volatile solvents, fuels, and oils may, travel considerable distances in certain soils 
and fo^m explosive concentrations in low, enclosed places such as basements. Wastes 
with a high solid content may cause deposits that form explosive gas as they /decompose. 

. ' / 

Toxicity ^ ^ ^ - > / 



Certain industrial waste waters are poisonous to. human beings, livest^bck, and 
aquatic life, either by direct contact or by contamination of water supplies. Metal fin- 
ishing wastes, such as cyanide and chromium, and certain organic compounds are highly 
toxic in minute concentrations if discharged to receiving streams or to ground w^ter 
strata. Discharge of these wastes must be stringently controlled. Hydrocyanic gas, 
which may be -produced in the acid treatment of cyanide wastes, is also extremely pois<m- 
ous. The formation of sludge deposits by certain industrial wastes can create a pocenttal 
health hazard to prospecfciye^sers o^ the stream, as well an» restrict or make impossible 
its use for recreational^or agricultural purposes. 

Interference with Stream Purification 



The self -purification of streams depends largely on sufficient OXy gen supply to 
support the l^e and activity of fish and other aq.uatic organisms. Oil and grease form 
mats and sliciSs that hiqder^ re oxv rgentation of streams. Wastes with heavy organic loads 
utilize available oxygen and form sludge deposits that interfere wi^h stream self- 
purification processes. Acids and cjaustic materials in strong concentrations destroy 
fish and other living organisms; cyanide and chromium wastes are particularly toxic to 
fish and supporting flora and fauna. 
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Odor, Sight,; and Taste Nuisances 



Grease, oil, and chemical wastes may cause unsightly and odorous mats on stream 
surfaces and open channels, and create objectionable tastes in potable water. 

4 

INDUSTRIAL AND RADIOACTIVE WASTE SURVEYS 

. The importance of surveys has been noted in connection with the treatment and dis- 
posal of sanitary sewage. Surveys are necessary to determine the source, character, 
and volume of industrial wastes. This provides guidance in the design of treatment 
plants and helps to avoid water pollution. 

Flow Measurements ^ 

The flow of wastes should be measured at representative points and expressed in 
standard units of measurement. The standard units of measurement are gallons per 
minute (gpm), gallons per hour (gph), or gallons per day.{gpd). The method used to 
determine th^ volume of wastes depends on the size of flow. Common metering devices 
include weirs, nozzles or fl^umes, and flov/meters. 

Sampling 

Accur^e sampling is necessary for correct analysis of industrial wastes. The 
samples should be taken in direct proportion to the flow and properly preserved before 
analysis, A recommended sampling interval is 10 or 15 minutes; the maximum period 
should not exceed 1 hour. ^ 

Representative Samples 

Samples must be representative of the entire body of wastes. Unsatisfactory 
sampling techniques ca,n make laboratory tests useless or misleading, A careful 
pr6cedure is necessary to obtain representative sampler .because the waste can vary 
in concentration throughout the day. 

Grab Samples ; ' 

Grab samples, or single samples taken at one point, do not give a reliable indica- 
tion of the average waste throughout the day. Grab samples are taken for the following 
tests; DQ, pH, chlorine demand, residual chlorine, scttleable solids, and relative 
stability. 

Composite Samples 

These samples consist of individual samples taken at regular intervals, hourly or 
halfhourly, over a selected period of time^ These samples are combined as they are 
collected or at the end ot the sampling period combined into a single container. Com- 
posite samples ai^e taken for the following determinations: suspended solids, B. O, D, , 
total and volatile isolids of sludge ^ grease and nitrogen. 
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Analysis of Samples 

In addition to anlysis for any toxic materials peculiar to the particular waste, State 
water pollution control authorities establish limits for: B. O. D. (biochemical oxygen 
demand), pH, DO (dissolved oxygen), total solids (suspended and dissolved), temperature 
of the waste, color, turbidity, oil, and grease. 

Effects of Operating Schedules ^ - 

An important factor in industrial waste surveys is the determination of "when** and 
"how" wastes are discharged. Flow measurements and sampling are affected by the 
following consideration: 

- > ,The type and quantity of specific wastes produced may vary during the 
operating day. 

Wastes may be discharged in batches at set times during operiation or at 
cleanup time. 

The method of discharge may involve combining wastes, or handling different 
specific wastes separately and at different times. 

Records 

Daily samples of effluent taken for analysis must be properly identified and test 
results recorded for guidance in future operations. Effluent must be measured, and 
accurate records kept of total daily flow. Industrial waste surveys should be run for 
a duration of at least one week; the minimum accepted survey time is three Z4-hour 
periods. Record this information on the Sewage Utility Operating Logs. ^ 

GENERAL TREATMENT METHODS 

Reducing Waste Concentration ^ 

Many agencies generating industrial wastes can reduce the amount and concentra- 
tion of those wastes by proper handling of waste materials and by observing accepted 
practices of good housekeeping. Waste materials can be properly segregated according 
to groups in holding tanks and treated in concentrated form when the quantities involved . 
are large enough to cause operational difficulties if included in the general waste flow. 
These materials would include concentrated acids, concentrated alkaline solution, hydro- 
carbons, cleaners, solvents, plating solutions, cyanide wastes, phenol compounds, and 
solutions of a similar nature. A pickup service ^tan be established to collect the wastes 
and transport them to the industrial waste plant where disposition can be made at times 
and rates most favorable to plant operation. 

Combining Wastes ^ 

The most desirable and economical method of treating industrial wastes is to com- 
bine them with sanitary sewage for treatment in the same plait. Some pretreatment, 
however, is. generally necessary to prevent the damaging effect of acids, alkalies, oils, 
and greases on treatment units and interference with biological treatment methods. 
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Consideration should always be given to grouping industrial wastes because of the opera* 
ting economies involved. Acid wastes, for example, can be grouped with highly alkaline 
wastes; the acids can thus be neutralized without the expense of adding a special neutra* 
lizer such as lime. A small volume of waste with a high B.O. O. can be fluted by a 
another large volume of waste that is low in B. O. D. By such combination^ industrial 
wastes may be brought into the range of biological treatment as used in treating sanitary 
sewage, thus permitting treatment with sanitary sewage. ^ 

Type of Treatment 

Three general types of treatment can be applied to indus\:rial wastes: physical, bio- 
logical, and chemical. Combinations of these types may be* required in specific 
situations . 

PHYSICAL. Physical methods of treating; wastes sometimes use the equipment and pro- 
cesses of chemical engineering, especially, for recovery of materials; however, they are 
generally the same as for sanitary sewage. Such treatment is often. necessary because 
of the nature of some industrial was:es or as a preliminary to other types of treatment. 

1. Screening is utilized to remove large solids or stringy materials. Inert 
materials such as grit and sand are removed by means of grit chambers. 

2. Flotation by aeration is used to remove oils, fats, and greases from^ 
industrial wastes. 

3. Sedimentation or settling by gravity is utilized for substantially complete 
removal of settleable solids and removal of 35 to 50 percent of suspended 

solids. Separace settling tanks with mechanical collection equipment are 
commonly used. 

^ 4. Gravity type oil separators should be installed for activities producing 

large amounts of oily wastes if more refined types of oil separators are not 
warranted. Preventing oil a,ud hydrocarjbons ^rom reaching the industrial 
waste lines will reduce fire and explosion hazards in these structures. Pro* 
visions should be made to assure that oil r<^moved from separator units may 
be disposed of by any of the following methods: , 

a. Resale to refineries (v/aste oil). * * 

b. Use for insect control. 

c. Use as a road-bindei*. 

d. Uite as a carrying agent for weed killers. 

e. Use by fire department for drill jJurposes. 

f. Burning in approved burning pits. ^ 

BIOLOGICAL. The oxidation of organic matter by bacterial action, is the most economic- 
cal waste treatment available, but some form of pretreatment is generally required for 
industrial wastes. 

Trickling filters provide effective treatment for wastes that are high in B. O. D. and 
low in suspended solids. 
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The activated sludge method is useful where the organic loading is relatively uni- 
form. In general, this process is^sensitive to shock loads and toxic materials and 
requires careful operating control. 

• -f 

CHEMICAL. The addition of chemicals is designed to coagulate suspended or colloidal 
solids, to break §^reaae and oil emulsions, and to neutralize; strong acid a^d alkaline 
wastes. This type of treatment frequently involves expensive chemicals, so efficiency 
must be balanced against economy. If chemical and biological treatments are to be 
combined, consideration must be given to the fact that strong acids and alkalies , inhibit 
or interfere with bacterial action. Specific chemicals are required for various wastes 
such' as lime, sulphur or chlorine cotnpounds, for cyanides and several sulphur compounds 
for toxic metal wastes. Chemicals can be fed dry or in solution. 

Strong acid or alkaline wastes often require neutralization by chemical means 
before final disposal. Where both types of waste are involved, mixing of the two is 
advantageous, since only the excess, acid or alkali will require further neutralization. 
The various acids used in the metal pickling process pose the. greatest problems and 
consist of sulfuric, nitric, phosphoric and hydrochloric acids, with sulfuric being the 
most commonly used. Quick lime or hydrated lime is the alkaline agent most commonly^ 
used. Neutralization is carried out by feeding lime slurry to the spent pickle liquor, 
contained in a tank equipped with an agitator. Lime requirements are obtained from the 
"acid value" of the pickle liquor and,' the "alkaline value" of the lime as detex mined by 
chemical analyses. The sludge formed in the process is. usually disposed of by lagooning. 

V 

SLUDGE HANDLING. Sludge resulting from industrial waste treatment is dried and 
disposed of by the same means as used for sewage sludge. The method of sludge treat«« 
ment and disposal used depends on the character of the sludge produced. Organic 
sludge may be handled by digestion methods used in sewage plants>- Drying may be 
accomplished on open beds or vacuum filters. Industrial wastes containing heavy doses 
of chemical coagulants produce a large volume of sludge that ordinarily does not dry as 
rapidly as sewage sludge. Sludge disposal is usually to shallow lagoons or by incinera- 
tion. Some types of wastes interfere with sludge digestion because of their inhibiting 
effect on bacterial organisms. Sludge resulting from the treatment of fuels, solvents, 
oils, and greases may contaminate ground water supplies by seepage if applied to the 
ground. Care must be exercised that sludge drainage or disposal does 'not create a new 
pollution problem. These special aspects of industrial waste sludge handling must be 
considered in applying the methods commonly used for sewage sludge. 

, ^PROCEDURES FOR HANDLING AND DISPOSING RADIOACTIVE WASTES \ 

There may be possibilities where personnel in the Air Force might come in contact 
with radioactive equipment, materials, and wastes. This condition could exist through 
the use of atomic power, nuclear weapons, or radioactive equipment and materials. 
Technical Order OO-llON-2, (Radioactive Waste Disposal) provides information on the 
disposal of all unclassified radioactive material which has no further use. The use of 
radioactive isotopes in ite|xi8 of Air Force materials results in radioactive wastes 

i 
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The handling procedures for radioactive equipment and materials include: 

a* SAAMA as the coordinating agency between field activities and the Air Force 
;^ ^ ^ disposal contractors. 

b. Transportation costs incurred in shipping will be borne by the shipping activity. 

c. Land burial of radioactive material by Air Force activities is not authorized 
' except upon specific approval. 

d. Segrege.te radioactive waste from nonradioacti/e waste. — ^ 

CO 

e. Liquid and solid radioactive materials intended for disposal will be accumulated, 
stored, and disposed of separately. . , ' 

PRECAUTIONS. Personnel engaged in any operation involving radioactive materials 
will observe the practice of personal hygiene. . In all cases where a person handling 
radioactive material receives a cat or skin abrasion the individual will be referred to 
the nearest medical facility without delay* Radioactive equipment and materials will 
be monitored during disposition operations. This includes packaging, marking, identi- 
.fying and shipping*. 

RADIOACTIVE LIQUID WASTE. Liquid radioactive waste may be discharged into sewers. 
' provided that both the activity of the waste and the volume of dilution water can be accu- 
rately measured to assure concentrations are within limits. Authorization for such 
disposal can only be given by the director of Base Medical Service. 

RADIOACTIVE WASTE. This category, includes radioactive refuse and items rejected 
by Redistribution and Marketing. When solid radioactive waste is generated it should 
be placed in a container which is properly labeled. This container will be covered . with 
I. a lid and kept free from contamination. The outside of '.he container will be monitored 

to insure that radiation intensity levels are not exceeded. 

(J* 

GOOD MAINTENANCE PRACTICE 

The disposal of industrial waste requires the use of a good operating sewer system. 
Unless the sewer system can remove wastes froni equipment and materials witl^out 
interruption, a serious health hazard results. The public inveotment, '•he safeguarding 
9f health, and prevention of stream pollution make necessary a program, of routine sewer 
inspections, flushing, cleaning, and immediate locatioji and repair of broken sections. 
The common :>ractice of cleaning and repairing^ewers only when serious objections are 
encountered is never satisfactory and is, more costly than routine maintenance. 

Sanitary Sewers 

General inspections are required of the entire sewer systems t'o establish schedulei^ 
for repairs. Special storm inspections are necessary to find points of excessive infil- 
tration by tracing flow progressively upstream through the system. Outside grease 
traps are checked for proper removal of grease dnd effective cleaning of traps. This 
includes removal of sand, grit, or organic material from basin bottoms. Traps at 
motpr repair shops, filling stations and hangars are checked for proper removal of oil, 
sasoline and srit. 



^5 



129 



ERIC 



2B3 



Storm Sewers 

Special storm sewer inspections should be made during or immediately after a 
severe storm. The inspection includes storm sewer^nlets and cat<:h basin for ade- 
quacy of water collection and presence of accumulated- debris* 

ft 

Industrial Waste Sewers 

The general inspections of the industrial waste sewers are similar to those of the 
sanitary sewer systems* The flush and check system include inspections for sluggish 
flow and evidence of deposits or obstruction. . These obstructions' should be flushed as 
often as required to keep sewer clear* The waste flow at upper ends and flat grades 
should be checked for sluggish movement. The^cleaning process include,s rernoval of 
accumulated solids which allows an increase In rate of flow* 

c 

SUMMARY , ' ^. 

Industrial wastes at Air Force installations result mainly from metal plating, 
aircraft* and vehicle washing, cleaning of equipment, and laundry operations* Some of 
the wastes include cyanides, chromium compounds, acids, alkalies, organic solvents, 
and products of radioactfve materials* Modifications of treating wastes are sometimes 
requiredj>ecau8e of different state water pollution laws* ^ 

' .> ' 

The hazards involved in untreated wastes are fire ai\d explosion, toxicity, inter* 
ference with steam purification, and odor, sight, and taste nuisances* 

V Surveys in industrial and radioactive wastes are necessary to determine the source, 
character, and volume* This provides improvement in plant operation and helps avoid 
water pollution* Accurate sampling is required for correct analysis of wastes* The 
types of samples are representative, grab and composite* Samples , are tested for BOD, 
pH, DO, total solids, temperature, color, turbidity, oil an;l grease* 

Three general types of treament can be applied to industrial waste: physical, 
biological, and chemical* Combinations of these types may be required in specific 
situations* 

Disposal of radioactive waste must be a^ccomplished in a manner that will not create 
a hazard* Liquid waste may be disposed in sanitary sewerage systems but should not be 
discharged into si^body of water that is to be used as a water supply*. If the contami* 
nated waste ie solid, it should be buried in the earth or placed in proper containers * 
,for disposal* The disposal of radioactive materials must be carried out in accordance 
Mtxth the current directives and under proper supervision* 

Workers handling radioactive waste should be kept at a r(iinimum number and 
protective clothing and equipment should be worn* 

— r-^v 

Good maintenance practice should be utilized in an efficiently operating se^^age 
plant* This is accomplished by general inspections of sanitary sewers, indust^rial waste 
sewers, and storm sewers* # 
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QUESTIONS ^ ^ . 

1. Explain the differences between industrial wastes and sanitary sewage? 

2. HBw are cyanide wastes prqduced? ' ♦ 

■* ' • » , 

3. What happens to sewage which comes in contact with excessive concentration of 
chromium compounds ? 

4. What is the disadvantage of excessive amounts of acids in the sewage system? 

a 

5. How can the pH be~controlled when v -ids and. alkalies are fed in the sewer system? 

6. What does an organic compound such as phenol do to water supplies ? 

7. How are phenols and aniline produced? 

e 

r 

8. Name some hazards which may exist in untreated wastes. 

9. What is the purpose of industrial waste surveys? 

9 

10. How is it possible to obtain a representative sample? * 

i 

11. What tests can be taken from a grab sample ? 

r 

IZ. Why is it important to obtain composite samples? 

13. Who determines the maximuir amount of chemical wastes in water supplies and 
sewage systems? 

*■ 

14. Why is it important to mainrfain record on sewage plant operation? 

15. Why is it important to reduce waste concentration? 

16. What is the most desirable method of treating industrial waste? 
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17. What compound is used to neutralize acid wastes? « 

\ 

ft 

18» What compound will prevent^formation of precipitates in industrial waste lines ? 
19* Name three general types of treatment that can be applied to industrial wastes. 



20» What are th€* handling procedures for I'adioaqtive equipment or materials ? 



21* Why is it important to use good maintenance practice in the disposal of 
industrial wastes ? a 

m 

* 22* What general inspections are required of sanitary sewers ? 



REFERENCES 

1* AFM 127-101, Accident Prevention Handbook 
» 2. AFM 85-13, Maintenance and Opt^ration of Water Plants and Systems 

3« AFM 85-14, Maintenance and Operation of Sewage and Industrial Waste Plants 

and Systems a 
4. TO OO-llON-2, Radioactive Waste Disposal. 



u 



132 



ERIC 



4 



WnRKTV^OK-S3ART?Rfia3n-V.2-P1 Thru tO-PI 



Department of Civil Engineering Training 



Engineer Environmental Support Specialist 



WASTE TREATMENT AND DISPOSAL 



March 1972 




SHEPPARD Am FORCE BASE 



D«sifM4 F«r ATC Cmtm Um 



00 MOT i;XC OM TMCVet 



2^7 



)■ 



' PURPOsi OF STUDY GUTOf S AND WORKBOOKS 



Study Guldes-^nd Worlibooks are training publications authorized by Air Training 
Command (ATCHoi\student use in ATC courses. . ' 

The STUDY GUIDE presents, the information you need to complete the unit 
of instruction, or nukl»,^ssignments for you to read in other publications which 
contain the required Informat*"' 

The WORKBOOK (WB) contains work pfbMdures designed to help, you achieve 
the learning objectives of the 'unit of Insttmctlon/- Knowledge acquired from 
using the student study guide will help you ierform the missions or exercises, 
solve the problems, or answer questions ^fire«nted In the workbook. 

THE STUDY GUIDE AND WORKBOOK (SG/WB).contalns )30th SG and WB material 
under one cover. The two training publications may be combined when the WB 
Is not designed for you to write in, or when both SG and WB are Issued for you 
to keep. ■ • 

Training publications are designed for ATC use only. They are updated as nec- 
essary for training purposes, but are, NOT to be used on the job as authoritative 
references in preference to Technical Orders or other official publications. 
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OBJECTIVE: 



FIELD SANITATION 



The purpose of tfiis exercise is to aid you in understanding "field 
sanitation, 

INSTRUCTIONS ^ . / 

Complete the following exercises: . , * 

Use the study guide if necessary • 

!• Place an "X" beside the procedures txiat are used for disposal of 
waste in isolated and combat areas listed below, 

a. Deep pit 

b. Straddle 'trench^ 

i' 

c. Secondary treatment 

^> 

MoUnd latrines ' > 

Bored-hole 



0 



Pail .or bucket 



Soakage pits 



its \ 



2. Using. the diagram be\pw, indicate' with an "X" the best location for a 
field latrine. \ • . ^ 

a. Give^ your reason- for the spletted location. , , 



if 

What distance 


should 


a field latritie be from'^ quarters? 




What distance 
supply? , \ 
♦ 


should 
1 


latrihes be constructed from a water 

t * 





jJlULULJliJ 

^ ^ Np' .\I7 
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WATER SUPPLY 



MESS HALL 



o 

N 




STREAM TLOW 

C H-042 



3on 



V 



list methods for chemically treating field wast^, 
a. 



b. 



c. 



Identify the following structures/ shown below. 



OISTIMUTION 



UNOHOffAJN 



MMSfniMOTANK 
. OOmm TAMK WITH 



^ TU m WITH Tmr JOIKTS 

uon TO fmb 



r 



rzr. 



TUm WtTHOfIN 



"UNOMMAM COUflCfOt 



nSCHAMC otsrosAi 



LOOSE COVER, ?0« 
INSPCCTrON ANO 
CLEANING 



MASONRY LAID 
DRY. OPEN 
JOINTS 




SlUOGE . 



SETTLED EFFLUENT 
TO SUBSURFACE 
IRRIGATION OR 
OTHER OlSPOSAL 
IF NECESSARY 



«• TO 30* OEEP 



4* TO «' DIAMETER 



0 5 



' 3U..} 



For wh.at percent of a unit should latrine space be provided? 



In trough type .;r-'-.alS/ how many feet are .provided for each man? 



What is the dit'fexence between an otway pit and other latrines? 



How is sludge removed from septic tanks? 



/Wtiat is h ninimum size for septic tanks? 
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SEWAGE TERMS AND" DEFINITIONS 
robic oac^; r\rx. • oacteriii which require oxygen for growth.^ 

M 85-14- • jv(4t..U: nance and Operation of Sewage and industrial Wastt* Plants 
System^.. TiH- vnnual explains s^rwage treatnient and ftquipment maintt-nancc. 

•i-' - small plaiits, resembling moss or slime, that grow in water. Tliey are 
!>n'\= sirable in water systems. % 

< 

•\iia robic bacteria - bacteria that do not need oxygen to survive. 

^..O. D. (Biological-Oxygen-Demand) - the amount V oxygen used in the oxidation 
of organic matter. 

C f\S. - cubic feet per second. 

Detention Time - the period of time from when the sewage enters a rank until it 
le«.vivs the tank, 

Di;;tstion - the breaking down of waste to a more stable form by bacteria. * 

\ 

Di^'^stcd Sludge- - sludge that has been stabilized enough through anaerobic 
cii-^ omposition to permit handling without any nuisance.^ 



Dissolved Oxygen (D.O. ) - gaseous oxygen dissolved in water. Without dissolved 
oxygen in water all fish life would die. 

Effluent - outlet of a plant or from any piece of equipment. 

E)Mtriation - a process of successive washing or decanting vi/ith fresh water to 
lcs<5en the concentration. Normally used to reduce the demahd for conditioning 
chvinicals. 



14. 
1^. 



Facultative Anaerobic - bacteria that adapt to growth in either absence or presence 
of vxygen. 

G, :\M. - gallons per minute. 

Grit - inorganic matter such as sand, gravel, rock, 'etc. 

Hi.-' Rate - a trickling filter ope rated" a'^t a high average daily dosing rate, usually 
ber.veen 10 mgd to 30 mgd per acre. 

InQrc;ani<: - material that has no life or«has never had life, such as dirt, rock, 
minerals, etc. ' ♦ 
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i8* Leaching - the disposal of a liquid through a porous mate-rial. Example: t osspo-.ls 
draining down by water seepage into the soil* 

19. Liquor - a mixture of activated sludge and sewage in the ae cation tank undc-rgoin- 
activated sludge treatment. ^ 

20. M.G.D, - million gallons per day. 

21. - Organic - any matter having had life such as skin, vegetable material, amf loods. 

22. Pathogenic bacteria that cause diseases. . 

•23. Putrefaction - biological decomposition of organic matter with the production ol 
ill-smelling products. 

24. Raw Sludge - a collection of solids in a tank before any.jtreatment has been given. 

25. Saprophytic - bacteria which live on dead organic matter. ^ 

26. Scum - floating matter such as grease, oil, and'^froth fsuds). 

27. Septic - sewage undergoing putrefaction under anaerobic conditions, foul smellinu. 

28. Stale Sewage - containing little or no oxygen but has no foul smelt. 

29. Supernatant - the liquid between the sludge on the bottom and the scum on the top 
in a digester. 

30. Zooglea - a jelly-like substance made by bacteria. It is usually associated with 
activated sludge growths in biological beds. 

. - PRIMARY TREATMENT 
Primary treatment consists of the following: 

1. Grit Chambers 

2. Bar Screens 

3. Comminutor 

4. Primary Settling Tanks 

5. Imhoff Tanks 

6. Clarigesters 

7. Digesters 

8. ' Sludge Disposal Facilities 

SECONDARY TREATMENT 

1* Oxidation Ponds 

2. Trickling Filter Process 

Activated Sludge Process 3//*''^ 

;i. Contact Aeration Process ' 
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PRINCIPLES OF WASTE TREATMENT 



OBJECTIVE 



The objective of this workbook is to aid you in gaining abetter under- 
standing of the principles involved in waste treatment. 

INSTRUCTIONS 

.Find a term in the right hand column which best fits .each descriptive 
phrase in the left hand column, ,then place the letter preceeding the selected 
term in the blank preceeding the descriptive phrase. 



1. 
2, 
3. 

5. 

6. 
7. 

8. 
9. 



. Aids in removal of large floating 
objects carried by sewage stream 

Aids in removal of sand, gravel, 

heavy solids, razor blades, etc. 

Shreds large sewage particles 
and returns them to the sewiage system 

Condition of sewage producing 

-putrefaction 

A devicejised to measure the 

rate-ofrflow of sewage-entering 
sewage plant 

A combination settling tank and 
digester ^ - 



Type of sewage which settles to 

the bottom of the primary settling 
tank 

^.Treatment which removes and 

treats settleable solids 

Treatment given to liquid portion 

of sewage remaining ^after removal of 
settleable solids ' 



a. oxidation pond 

b. contact aeration 

c. chlorination 

d. triclcling filter 

e. an aerobic bacteria 

f . primary treatment 

g. Imhoff tank 

h. . septic 
TT^grit^chamber 



j. bar screen 

k. comminutor 

L Pars hall flume 

m. settleable solids 

n. secondary treatment 
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10. 

11. 

12. 
13. 
14. 
15. 



16. 
17. 

18. 



'Decomposition of sewage 



solids in the absence of air 

^^^^ The type of bacteria wliich 
thrive -in well aerated sewage 

Bed of graded rocks on which 
Zoogleal film develops 

Last unit in the secondary 



treatment 

Metho(rof disinfecting plant, 
effluent 

Additional treatment recom- 
mended where secondary eminent 
is to be utilized for industrial 
purposes 

Zoogleal lilm developed on 



plates in aeration tank 
Secondary treatment based on 



return of solids from final settling 
tank to aeration tank 

Most nearly duplicates natural 



stream pruification process 



19. 
20. 



Biochemical oxygen demand w 



mostly 



Sanitary sewage contains 



■ 7} 



0 . aerobic bacter ia 

p. final settling rank, 

q. tertiary treatj.ient 

r . activated sludi g 

s. organic matter 

t. B.O.D. 
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PRIMARY WASTE TREATMENT. EQUIPMENT 



OBJECTIVE 



The purpose of this exercise is to aid yoa in the operation of the 
seuage trainer located in Room 23, Bldg 939. 

NOTE: The trainer can be operated for primary and/or primary and 
secondary treatment of sewage. The primary treatment can either be 
by the use of the imhoff tank system or by the primary settling tank 
system in conjunction with the digester. 

INSTRUCTIONS 

Using the schematic of the sewage trainer, adjust the necessary 
valves and components to direct the flow for the following treatment pro- 
cesses. Write down the valve number and component letters and indicate 
by a check mark whether they are in the closed or opened position. 

1. Primary treatment using comminutor and imhoff system. 



VALVE NUMBER OPEN- CLOSE 



COMPONENT OPEN- CLOSE 



11 
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Primary and secondary treatment losing the bar screen and the separate 
primary settling tank. 

VALVfi NUMBER OPEN- CLOSE COMPONENT OPEN- CLOSE 



Draw sludge from the imhoff tanJc to drying bed. 
VALVE NUMBER OPEN- CLOSE 



' -4 



Recirculate sludge in digester 

-VALVE NUMBER " OPEN-CLOSE COMPONENT 



6pe!n-close 



\ 
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SECONDARY WASTE TREATMENT 



OBJECTIVE 



Jl?^^°f^ s-^-«^cise is to aid you in learning secondary 

pondl. ' including dosing siphons, trickling filters, W oxidation 

♦ 

INSTRUCTIONS . . ^. 

DhraJ^ln ^h^rf^fi^^!! right-hand column which best fits^-each. descriptive 
phrase in the left-hand column; tJaen place the letter proceeding 'thi ^ 
selected term in the blank following the descriptive phrase 



1. Rotary fil-ters are designed 



2. 
•3, 



Fixed nozzl.e filters are 



The filter depth is generally 



4. The size of the crushed rock 
is . 

5. The proper dosi^ng of filters is 
controlled by ^--^ ^ 

6. Uniform application is controlled 

I ■ 

by . 

7* Natural air movement in cold 
weather is . 

8. Natural air movement in waunn 
weather is . 

9. The.aerofilter is designed to 
dose the entire filter bed 



a. 
b. 
c. 
4. 
e. 

f. 

« 

g. 

h. 
•i. 

j. 

k. 

1. 
m. 
n. 
o. 
p. 

q. 

r. 



3 to 8 feet. 

2 to 4 inches. 

round in shape. a 

rectangular in shape. 

nozzles^ orifices, and discs, 

dosing siphons.. % 

continuously. 

up through the bed. ^ 

each shift. 

i 

down through the filter. 

biochemical oxygen demdnd 
(BOD) .. * 

copper sulfate. 

hot climate. ^ 

control mosquito breeding. 

oxidation pond. 

dissolved oxygen (DO) . 



constructed shallow. 

I 

lagoons or holding tanks, 
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10. Following the high rate 
trickling filter* the » 
final ''settling tank 
sludge should be removed 
at least 



11, Trickling, filters have a 

/ tehdency to. reduce \ " . 

12. The control o.€ algae may be 
accomplished by using \ 



"T 

13. Oxidation ponds are some- 

* '-^ • 
times called * 



14. For more surface area to be 
exposed to the atmosphere 
and sunlight, oxidation 

ponds are - ' 



15. Oxidation poods operate best 
in dry , 

16. Keeping shorelines clean 
and <raising<> and lowering ' 
the Wetter level ^every 10 

• days helps '/^ • ^ * 

1 ^ 

17. If ponds are properly ' 

operated, there will be 
an increase of . 



18'. May not have an outlet 



15 
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CONFIGURAnON AND OPERATION OF 
^ ACTIVATED SLUDGE SYSTEMS 



OBJECTIVE 



The puinpose of the exercise is to aid you in learhing the construction 
and operation of activated sludge systems. 

INSTRUCTIONS 

1. Study figure 1 and place the appropriate corresponding number listed 
beloiw the iUustration in the circle 

2. Complete the following statements, using Study Guide ^ABR56330rV-6. 
a. What type of bacteria is used in activated sludge process? 



b. List two typ of aerators used in aeration tanks: 



« 



/ 



c. Afcration utilizing diffused air are designed for a detection of 



mechanical 



d. X,i'6i. five characteristics of activated sludge. 



16 



hours. 
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MAJOR COMPONENTS 



Effluent 




1. Sludge Pumps . 

2. Aeration Tanks 

3. Pretreatment Units 

4. Sludge Disposal 



5. Final Settling Tank 

6. Primary Settling Tank 

7. Digestion Tank 

8. Return Sludge Line 



- Figure 1/ Flow Diagram of Activated Sludge Process 



e. List three conditions which would cause bulking. 



tivateS^ 



f. List five factors that determine the efficiency of an activat 
' sludge plant. 



g. Describe the activated sludge process. 



h; Compute the following sludge index: If sludge settles to 30% 

volume in 30 minutes -^th aeration solids at 1,000 p.p. m. (0. 1%), 
what is the sludge index? 



i. List three effects that digestejMSupern^ant will liave on an acti- 
vated sludge plant. ^^^~~^Z 
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i|. Complete the phrases on the left by placing the letters on the 
\' right in the space provided. 



(1) 95 to 98% air in the diffused 
aerator is used to , 

(2) Detention tim6 for the ^ 
diffused air system is 



(3) 2% of air is used to^ 



*^4) Detention time for mechani- 

\ cal aeration is ■'_ 

\ [ — 

(5). The ireturhed sludge is con- 

\ trolled by . i 

(e^^-Sludge is returned from 

\ secondary settling units by 



a. Mix and keep contents 
in motion 

b. Gravity and pumps 

c. 8 hours 

d. Oxidize the'sludge 
er 12 hours 

f. Weir boxes and ori- ■ 
fices 



'J 
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PRINCIPLES AND CONFIGURATION OF 
, CONTACT AERATION SYSTEMS 



OBJECTIVE 



The purpose of tMs exercise is to better acquaint you with the 
operational methods employed in the contact aeration method of sewage 
treatment. 

INSTRUCTION 

1. Study the illustrations of the contact aeration plant flow diagram in 
figures 1 and 2, and place the impropriate number from the gi,ven list 
of components in the circles provided. 





o 





1. 








1 








1 




J 

1 











t 



.L„J 



1. 


Pretreatment Units 


6. 


2. 


Influent 


7. 


3. 


Digestion Tank 


8. 


4. 


First- Stage Aeration 


9. 


5. 


Second- Stage Aerator 


- 10. 






11. 




Figure 1. Flow Diagram of 



Sludge Pumps 
Effluent 

Primary Settling Tank 
Final Settling TRank 
Intermediate- Settling Tank 
Sludge Disposal 
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MAJOR COMPONENTS 

1. Sludge draw off 

2. Contact plates 

3. Air-grid system 

4. Influent 

5. Effluent 



Figure 2. Single-stage Section of Contact Aerator 

Use your study guide 3ABR56330-V-6 to complete the following 
phrases or questions. ' 

a. Contact aeration is basically what type process ? 



b. Describe the contact aeration process in your own words. 



21 32u 



c. Compare tJ»e biological action in contact aeralcion units to that of 
trickling filters. . . 1. 

d. What happens in contact aeration units if dissolved oxygen is * 
lost? ' 

^ e. List fgurJLactors-that-contribute-to-its-effecti^^^^^ 

(1) ' ^ 

* (2) - 

(3) i ^ — 

• (4) " 

f . Why must grease, scum, floating and suspended solids be 

removed before entering aerator? 



g. Denote what oxidizing power each of the following colors have; 

(1) Brown ; 

(2) Black ■ 

h. Describe what is h^ening in contact aeration unit if you smell 
an odor of hydrogen sulfide. \ • 
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1. What tests should be made on effluents from contact aeration 
units? 



j. What is the medium normally used in the aeration process to 
I hold the bacteria slime? ^' 
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CHLORINATION AND STREAM SURVEY^ 

. ( - " \ . 

OBJECTIVE: To further your under stand&g In uses of chlorinatipn and 
need of water samples in maldi^; stream surveys. 

IDENTIFlrtNG-USES FOR CHLORINATION AND STREAM SURVEY 

Look at the schematic below, then answer the following questions: 



-otennoM tank 



^- UUOM MM 




TANK 



WMUfNT 

aSSSSt 



1. On the schematic above place a PrC at the point ^here prechlorination 
would be applied. ^ 

2. Approximately how many PPM dosages would you suggest using for 
prechlorination? ° • » - 



3. Under what conditions would you suggest usiiig prechlorination? 



4. On the schematic above place an IP at the points where an in-plant 
dosage of chlorine could be used. 
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5. What is your reason (s) for selecting the site (s) for in-plant dosage^ 



6. What dosage would you suggest using at the site or sites you selected? 



7. On the schematic place a PoC at the point where post chlorination 
would be ^plied. 

8. How much contact time should be allowed after post chlorination before 
discharging the eiflueot into a streani? 



9. How can it be determined how much chlorine is needed during post 
chlorination? " 



10. In what, manner does a high BOD affect a stream? 



11. BOD is normally more harmful to a stream during which part of the . 
year? r _^ 

12. For a stream survey how many sampling locations would you select? 

13. List the sampling locations. ' 



14. Why is the temperature of the streal]^needed during a stream survey? 
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INDUSTRIAL WASTE rREATMENT 
OBJECTIVE \ 



The purpose of this project is to aid you in understanding industrial 
waste treatment. 

I, ■ • 
INSTRUCTION 

! Using Study Guide 3ABR56330-\r-9, complete the foUowing questions 
and fill in the blanks. 

1. ; What types of wastes are included ^n industrial wastes ? 



2. What Air Force regulation governs the treatment and disposal of 
iiidustrlal waste? . 

3. List four types of hazards involved with industrial wastes. 

a. - ■ 

. . 0 

b. \ • 

c. . . 

d. 



4. List five types of wastes that are of primary interest to the Air Force. 

' a. ' . 

b. . / ■ 

c. 1 

d. 
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What is the maximum alldwable concentration of the following? 

a. Hexavaient chromium ^ ' 

b. Lead ' • 

c. Copper ' 

d. Zinc 



e. Phenal compounds 

f. Sodium hydroxide 



Why are industrial waste surveys important? 



List three methods of collecting industrial waste. Explain each 
method. 

a*. 



b. 



c 



WHat type of materials is used to construct sewers for industrial 
wastes ? 



List the three general types of waste treatment. Explain each type. 



I I • 

10. How is sludge from industrial wastes dispo^ of? 



11. What is the average g.p. m. flow from aircraft wash racks ? Peak 

flow? . 

12. What type of treatment is used to treat the combination of wastes 
from aircraft wash racks, Engine repair shops, and engine test cells? 

■' • .n'- — ' 

13. Explain the Operation of an ion exchanger in the recovery of chro- • 

mates. ' . 



14. Describe the biological oxidation process in the treatment of phenal 
wastes. " 



15. Describe the bAtch treatment method used to treat cyanide. 



1 

o 



Checked by, 

' Instructor 
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RADIOACTIVE CONTATilNATION 



OBJECTIVE 



The purpose of this workbook is to aid you in becoming familiar with \ 
procedures for' radiological disposal. , \ 

INSTRUCTIONS^- . \. 

Conaplete the following questions and phrases using Study Guide 
3ABR56330-V-9. . ' ' 

1. Why is it necessary to be aivare of the .hai^ards of radiological disposal ? ... ■ * 



2. How can radioactivity in waste be reduced ? 



3. How should radioactive wastes be discharged^nto a sewage system ? 



4. Liist three precau^ns that must be checked before radioactivity wastes 
can be discharged into a sewerage system. 



a. 



b. 



c. 



'5. List three methods that may be used to treat radioactive wastes. 



^ a. 
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6. , List two methods of disposing of solid radioactive wastes. 
. ■• a . 



b. 



7. * How should an area containing radioactive waste be identified ? 



3. Who supervises the disjwsal of radioactive waste? 



^ J. . ' ' I 

What records are maintained on personnel exposed to radioactive 

♦ i 

waste? By whom? - / 



10* What technical order prescribes the procedures foj safe disposal and 



and limits of radioactive wastes ? ^ 



II. What precaution should workers exercise while /forking around radio- 
active wastes ? ^ / 
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12. When dischsurging radioactive wastes in sanitary sewers, what records 
must be kept? • 



Checked by 



Instructor 



31 



WB 3ABR56330-V-10-P1 

SAFETY PRACTICES 

OBJECTIVE 

c The, purpose of this exercise is to aid you in understanding some of the 
common safety practices you will be expected to observe during job-per- 
fornaiajace. _ ' . 

INSTRUCTIONS 

Complete the following statements by entering the correct information 
in the' blank spaces.. 

1. Unsafe acts of people caus e percent of alf accidents. 

2. AFM 127-101 states that no one male person should lift more than 



3. Working areas should be kept at all times. 

4. When using hand tools, the force should be exerte d v 

the body. * 



5. To. help prevent slippage, a wrench handle should be 
not . " 



6. Electrical power tools should always be 



^account for about one in every ffve hand 

tool accidents. \ 

8. Never hold a piece of material by hand and attempt t o 

it with an ' '■ 



9. When loading aii elevator, the should be known. 

10. Never wear a hard hat around electrical hazards . 

11. Safety color code: 

a. Blue would indicate V* 



b. Red would indicate ' 



o 

ERIC 



c. Green would indicate 



m- 



n 



12. 
13. 




3ii 



is essential in the effective pre- 



vention of fires. 

ia the "killer" in the case of electrical shock. 

14. For combating electrical fires, a ^type fire extin- 
guisher is recommended. 

15. should never be given to a person who is uncoi^- 

scious or has a belly "wound. 

16. A IS a broken bone with a 

break in the overlying- skin, with the broken bone protruding. 

17. Revere bums usually cause ' . 



18. The most important thing to remember in giving artifi.c;^l'j^''espiration 



is 



19. Do not move an injured person unless 



'20. Define the three classes of fire and list the applicable fire extinguishers. 
Type of Fire Definition Extinguishers Used 



Class A: 






Class B: 


\ 

\ 




Class.C: 
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\-:'r SAFETY 



OBJECTIVE 

To present information on some of the hazards present in accomplishing your duties 
as a member of the Air Force and the prescribed safety procedures to avoid personnel 
injury or equipment damage. * 

INTRODUCTION 

As an Air Force specialist or technician, you should have two primary alms in life: 
one^ to do a flrst-class Job in your assigned duty; the other, to return to civilian life, 
either by discharge or retirement, in as good a physical condition as possible. A 
thorough knowledge of the hazard confronting you, theoestablished safety rules to pro- 
tect you, and your observance of these safety rules, may determine what condition you 
will be in when 3rou return to civilian life. In* fact, it could determine whether or not 
yoii live long enough to become a civilian again. 

The objective of this study guide is to help you prevent injury or death to yourself 
or to your fellow worker, and to prevent damage or destziiction of Air Force equipment. 
The valuable Information pertaining to the objective will be presented in five sections as 
' follows: 

• SECTION I - GENERAL GROUND SAFETY 

• SECTION n - NUCLEAR SAFETY 

• SECTION m - RADIATION SAFETY 
. • SECTION IV - FIRST AID 

• SECTION V - SAFETY AND HUMAN RELIABILITY PUBLICATIONS * 



SECTION I 

GENERAL GROUND SAFETY 

General items of safety apply to just about all duty assignments within the Air Force. 
To help you become more aware of the need for proper safety-^practices, and to help you 
survive in a challenging world, important information is presented in the following topics 
of this section: , 

• ACCIDENT CAUSES 

• WORK AREA SAFETY PRACTICES 

• FIRES AND FIRE PREVENTION 

• ELECTRICAL HAZARDS AND SAFETY PRACTICES 

• SAFETY EQUIPMENT ^ 

This supersedes SG AFS 54, 55, and 56, 25 February^ 1972. 

1 
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ACCIDENT CAUSES 

; A standard dictionary defines the word 
"accident" or "accidental" as, "An event that 
taKes place without one^s foresight or expec** 
, tatioh." This definitiomindicatea that with 
adequate foresight, most of our accidents 
can be prevented; They can. Refer to 
Figure 1 for a graphic representation of the 
underlying causes of accidents. 

Often when another person is involved in 
an accident of one kind or another, we can 
readily see how he could have avoided it. 
This Is because there are certain things or 
conditions which cause accidents ; All we 
must do to prevent most isu:cidents is 
be able to recognise, the causes smd 
apply the appropriate preventive 
measures* The following topics will 
present some conunon causes of accidents and 
these causes. ^ 

WORK AREA SAFETY PRACTICES 



100* 




10% 2% 



BY 
PHYSICAL 
HAZARDS 




NATURAL 
PHENOMENA 



Figure 1. Causes of Accidents 
the action to take to eliminate 



Your work area may contain many potential hazards if you fail to follow the safety 
rules established for your protecjtion. Th^ following paragraphs will make you conscious 
of some of the things you should, or shouldn^t do, to perform your job saifely. 

Housekeeping 

Poor housekeeping, that is^ not keeping your work area clean and orderly, can result 
in various types of accidents both of a major and minor nature^ Broken bones, cuts, 
gouges, bruises, burns, and many other injuries can result from poor housekeeping. 
The prevention of these injuries is simply to practice good housekeeping. Some of the 
in^rtant items to consider in keeping your working area, and also your living area, in 
proper order are given below* 

• Kedp all floors and walkways clem, dry, and free from spilled oil, fuel, or 
other contaminates* If fuel, oil, or grease is spilled, clean it up immediately* 
Slipping and falling could result in a serious injury to you. or someone e'lse* 

• Insure that your plant or other area is adequately ventilated at all times* 
Vapors from fuels, oils, greases, and various types of acids are injurious to 
your health* 

• Keep all working areas well lighted if at all possible. You cannot work 
efficiently and safely without sufficient lighting* Che*:k the lighting system 
frequently and replace burned out lamps, fuses,, and accomplish other 
preventive maintenance as required* 

• Don^t leave tools scattered about on floors, engines, work stands, or any other 
place other than those cabinets and boxes especially provided for tools. Some 
tools used in maintenance are heavy enough to cause considerable damage by 
falling a short distance* - :* 
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t DonH struggle with a tool box which is too Heavy to hancUe convenientiy. Men 
have been known to nqptiire themselves, in handUng excessively heavy tool boxes'* 
Divide your tools so that you. can handle them without strain* 

• Don't clutter your work area with unnecessary equipment* If you do not Intend 
to use an item, store it in a safe place* 

• Keep all ropes, chains, cables, hoaes, and electrical extension cords properly 
stowed when not in use. t « ^ 

• Provide suitable waste containers for waste and insiire that waste is promptly 
put into the proper container. Mark each, container for the material it is to be 
used for. ' ^ , «j 

• Use extra care in disposing of scrap metal, tubing^ wire, glass, etc* Tns\3re 
that all parts of the materials are wellinside tne. waste container* The sharp 
edges of these materials will cut and tear your (skin as ^ell 3^ your clothes* 

• Maintain an adequate inspection program of all electrical cables, switchgear, . 
and equipment for frayed wiring insulation, exposed contacts, and condition of 
switch handles and other controls. . 



• Inspect 3rour shop frequently for protruding nails, bolt ends, and other sharp 
poipts which may cause injury. Also ihsiure that broken window and door 
glasses are replaced promptly and the broken glass properly disposed of. 

• Insure that water foimtains, lunch areas,, and personnel clothing lockers are 
kept in a clean, sanitary condition. Illness caused by contaminated water, 
food, coffee, etc. , can often become more serious than most accidents* 

The above listed housekeeping items are not the only things for you to consider, but 
Hhey will help you improve your housekeeping situation* 

Horseplay / 

S^me of the common varieties of horseplay are pushing- tripping, directing com- 
pressck^ air toward a friend, shocking a friend v/ith electricity^ applying the ho&opt, an{i, 
perhapffX^he worst of all, goosing* This goosing,- if applied to a nervous person, may 
cause him^to leap into moving ma^chlnery or into contact with high voltage electricity, or 
he may siixmly fall and "only^' break an arm* Injuries or deaths resulting from horse- 
play cannot c^e justified. Horseplay in any Air Force shop is strictly forUddem 

Improper Working Methods 



Equipmient wnich has exposed moving parts such as belts, chains, flywheels, moving 
arms, etc* , can be^a serious safety hazard unless care is exercised during its operation 
and niaintenance* W^hile most moving parts' of machinery are enclosed in protective 
guards of one kind or^another, alertness on the part of the operator or mechanic is 
essential. Gloves, neckties, or loose clothing, particularly large loose sleeves, should 
not be worn around mo^g machinery. Just stop for a moment and visualize what would 
listen If your necktie or even your sleeye should become caught in a drive belt or chain. 
You would be lucky to esc^e with your life. 
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Any adjustment, cleaning, lubrication, or repair moving machinery should be 
accomplished with the device stopped if at all possible. If it is not possible to stop the 
device, extreme care should, and must, be oljserved to prevent serious injury. 



The weight of various heavy parts and tools becomes a potential safety hazard. The 
Ground Accident Prevention Handbook (AFR 127-101) recommends that objects weighing 
more than 50 pounds not be lifted by one person. This manual takes into consideration 
that ^e object can be lifted in the pi^per manner. Refer to Figure 2 for the jposition to 
assume when lifting heavy object?^ . . 

This proper lifting position is important. 
During many maintenance tasks you cannot 
assume the proper lifting stance; therefore, 
the 50 poimd limit may be far too high. Don't 
feel like a sissy when you decide to use a 
mechanical lifting device to save your back. 
It is the proper thing to do. Just be sure to 
inspect the mechanical device for proper 
operating condition before each use and never 
' exceed its capacity. 

The improper use of common hand and 
power ^ools results in many avoidable acci- 
dents* One of the prime rules in the use of 
any tool is to use the right tool for the right 
job. Ahother prime rule is to keep all tools 
in a good state of repair . Also keep tools in * 
theii:^ propei^ place so that they can be used 

when\needed.. Some important safety items to consider in the use of tools are given in 
the piragr^hs below. « I 




Figure 2* /The Right Way to Lift 



When possible, use hand tools so that the working force is always directe^d 
away from your body. This will minimize the chances ofc^jury in case the 
tool should slip. . \ / 



When handles of hainmers, sledges, files and other tools be.come'splintered 
..or loose—replace them immediately* 

Mushroom heads on cold chisels, pimches, drift pins, hammers ai^d other " 
similar tools should be dressed down ajs soon as they begin to check and curl. 

Cutting tools should be kept sharp and kept in their^proper sheaths. They 
should never be placed in clothing pockets. 

Box end type wrenches or\sockets should be used whenever possible. They 
are less likely to slip than open. end and other type wrenches. | Another Jthing, 
if a job requires a special tool, use a special tooL To help prevent slippa^a^ 
a wrench handle should be pulled, never pu§hed. 



• Impact goggles or face shields must be w6rn any time there is| danger of flying 
chips, sparks, or other debris. ' " ^ 

• Small parts should always be held seciurely in a vise while being worked on. 



• Since hammers account for aboutione in every five hand tool accident, car^ 
must be observed in their use« Hsunmer handles should never be used as pry 
bars ahd since only the face of the hammer is case hardened, the side of it 
should never be used as a striking tool. 

• Screwdrivers are probably the nlost used, and the most misused, tool of all. 
They are desired ior only >one use. This is to loosen and tighten screws . 
Blades of screw drivers should be kept ground and dressed all times, and 
for each job the proper screwdrlyer size should be considered. Firm footing « 

' must always be esi9d)lishod before applying pressure to a screw:driver and 
objects being repaired' should neyer be held in your hand, or on your lap. The 
common vise was designed to hold parts securely while being repaired. 

i - * 

• Files and'rajiiiis are particularlyj hazardous to maintenance pe^^sonnel because 

oftheir abrasive surfaces, tanged (sharp pointed) handles, and their britde 
construction. Always use them (for wl:at they were designed for. Never use 
^ them as pry bars, punches, or chisels. Never use a file or rasp without the 
proper handle installed, you ms^y drive the tang right through your hand. 

^ • Punches and chisels should be llept clean and during use should be Mid firmly 
between the thumb and all four fiiigers. 

There are many more safety precautions to observe in the use of hand tools; how- 
ever, the space here prohibits Ustihg them. It is highly Recommended that you refer to 
the Ground' Accident Prevention Handbook (AFR 127-101) often. Frequent use of this 
manual can save you frona manj painful injuries. 

' The^use of powered hand tools require generally the.same precautions as for non- 
powered tools, plus additional safety precautions. In the case of electrical tools clean- 
liness and a good state of repaid is of the utmost importance. In addition to keeping the 
tools and electrical cords in first .rate pondition, the tcwt should always be properly 
grounded during use. This protects the worker agaihst the^ danger of electrical shock 
in the event a short circuit occurs within the tool. This -veerf for gr.ounding is often 
disregarded but it is important and must never be omitted. Another importantj)recau- 
tion is to always secure the item being worked on in a vise. Never hold a piecev^f 
material by hand and attempt to drill it with an electric drill. Thie material mayNcatch 
on the drill bit and become a rs^idly spinning blade. ^ ^ 

Observe Accident Prevention Signs ' , 

Warning signs. "Warning signs are posted for one reason only. That reason is to 
prevent accidents. There may be times when you see an area posted which you do not * 
consider a hazardous area. In these cases just remember that some one had a good 
reason to post the area, bo observe the warning sign. 

\, Standard signs are pdsted to warn of certain hazards: Danger signs (red) warn of 
speckle dangers only; Csuition signs (yellow) warn of possible dangers and unsafe 
practices; Safety Instruction signs (green) provide information on general safe practices; 
Directional signs (black and white) indicate the way to stairways, fire escaqpes, exits, 
etc. ; Information signs (also black and white) carry messages of a general nature: ^ 

He^e aire some of the signs you will see: DANGER HIGH VOLTAGE, DANGER 
KEEP OFF, DANGER KEEP AWAY, DANGER NO SMOKING, DANGER GASOLINE , 
CAUTION DO NOT TOUCH SWITCHES, CAUTION MEN WORKING, CAUTION USE 
GUARD, and many more. 
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AF Form 1492> ^^Danger T^ ;>" This tag is blue in color and is designed for use as 
an In^rtant tool in accident pi isyention; it will be attached, by designated tag** issuing 
autSorities, to material and equirment no longer safe to use because of defects » abuse, 
or wear. It is not designed or intjended for use in reporting minor hazards which should 
be corrected by the responsible siitoervisor , and utmos^discretlon m^ist be used in 
issuing it. Misuse of the tag will cause it to become common-place, resulting in the 
•loss of its intended valuc^as an effective part of the accident prevention program. 

\ • . » 

The ref?ponsible commander will\de8ignate tag-Issuing authorities.in' aircraft main*- 
tenrmce, base engineering, i9iq>ply, f^d service, transportation, commimicatiori and 
electronics, .^medical service, and othelr Air Force activities. Authorized personnel will 
attach the tag to unsafe machinery, equipment, tools, electric circuits and devices, 
pipelinefc;, valves, control^ being repaired^ workstands, elevators, ladders, power- 
operatca doors, &nd other Amsafe^ items or i^nditions Incident to work processes in 
order to prevent employee injury and/or damage to material or equipment. Since an 
arbitrary tagging qf equipment or mat.erial\may cause needless expense and delay, the 
tag-issuing au^iority ^#ill not attach-a dang^ tag without notifying the appropriate super- 
visor of the activity affected. However, if the hazard becomes too great, and the 
responsible supervisor is not available, the tag-issuing authoijity will issue the tag and 
Inform the supervisor as soon as possible tliathe has done so J 




AF Form 267, '^Electrical Danger - Men at Work." This ired tag may be usea- for 
biv eking and tagging requirements. - For example, to work on an item of equipment in 
sight of its disconnecting device, *:he disconnecting device would be tagged with a pro- 
perlyfiUed out AF Form 267. ^ 

AF Form 268, "Caution - Abnormal Conditions.", This yellow tag may also be used 
for blocking and tagging. For e^mple, an automatic device switched to manual opera- 
tion for testing purposes, should be yellow tagged with AF Form 268. ^ ' * 

I Once the Danger Tag has been attached 
^to machine or other piece of equipment, the 
/Ijtem will not be operated or used until the 
/hazard lias been corr^^cted and, the tag re- 
•moved. , . * 

FIRES AND FIRE PREVENTION 

While fire fighting is/the prime respon- 
sibility of the area f^re department, it is the 
duty of each individual to do his utmost in 
preventing fires, and to aid in extinguishing 
them. This topic will cover the various 
types of fires and the measures to apply in 
controllUg them. ' 

^ 

Fire Prevention 

Good housekeeping is essential in the 
effective prevention of fires. Accumulations 
of rubbish, waste, dust, and other residue 
are all somrces of fires. One of. the faost 
impfortant measures in fire T)revention is 
shown in Figure 3. - • 



AVOID FIRES 




Figure. 3. Fire Prevention at Work 
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Another serious fire hazard is the^accmajulation of fuel vsqwrs, gases,, paint vapors, 
and other items of this nature I To eliminate Jthis type of hazard, keep your shop clean 



and well ventilated. Proper inspection and 
hazards due to leakage of flamnud^ mater 
plished in^ an sqpproved paint shop. When this 
ventilation becomes critical*. Paint will bum, 
care when psunting with a spray gun. Prevent 
something about fire fightiiiqgr.in event you can't 

Classes of Fires 



ttenance of equipment will usually correct 
Generally, all painting should be accom- 
not possible,^ the need for adequate shop 
so will its vapors; therefore, use extreme 
es whoever you can, l)ut also know 
irevent them all. 



^ires are grouped into four general classes. Fir^s in each class can be extin- 
guished by the use of a particular action or extinguishing agent. Because all fire 
extinguishing agents cannot be used on all types bf fiXves, it is necessary to- know the 
various classes of fires and which extinguisher to useXfor each class. 

Class A fires are fires occurring in wood, clothing)^ paper, rags, and other items 
of this nature. This type of fire can usually be ladled effectively with water. Water 
provides the cooling md quenching effect necessary to extl^iguish Clas^ A fires. 

' Class B fires are those occurring in flartmable liquids such as gasoline, fuel oil, 
lube oil, grease, some solvents, paints, etc. The agents required for -extinguishing 
this type of fire are those which will dilute or elinilnate the air by blanketing the su^^face 
of the fire. " This action creates a smothering effect. 



^ Class C fires are fires in electrical equipment and facilities. The extinguishing 
agent for this type of fire must be a nonconductor of electricity ^d provide a smothering 
effect* \ 

Class D fires occur in combustible metals such as magnesium, potassium, 
powdered aluminum, zinc, sidium, titanium, ziroconium and lithium. The extinguish* 
ing agent for this type fire must be a dry-powdered compound. The powdered compound 
must create a smothering effect. 1 

In the case of any fire, there are certain actions required of the incUvidual who dis- 
covers the fire. His first action should be to so^nd the alarm and alert all personnel. 
Second, the installation fire department must be summoned and given explicit directtdns 
to the location of the fire. These first two actions must be taken quickly,^ and after^they 
have been accomplished the personnel available should a^jply the most effective measures 
available to extinguish or to contain the. fire. To do this, it is essential that 
you acquire a knowledge of the. various types of portable fire extinguishers. 

Portable Fire Extinguishers 

\ The Pump Tank type portable extinguisher is perhaps the most simple of all. It is 
simply a water tank with an attached pump. The effective range of this device is only a . 
few feet and it should only be used on Class A fires. To use this«extinguisher, simply 
unhook the hose, direct it to the fire and start pumping. If you use all the water, refiU 
it from the nearest available source, and continue jts use. 

Soda- Acid type extinguishers are also used oiily on Class A fires. Refer to Figure 
4 for the construction features of this type fire extinguisher- The use of the soda-acid 
extinguisher is also very simple. Simply direct the hose toward the base of the fire and 
.invert the extinguisher. This inverjsion causes a mixing of the solution inside the tank, 
a reaction occurs and the solution is supplied to tlie hose under pressure. o 
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SODA-ACID FOAM TYPE CARBON OlOXiOE 

Figure 4. Portable Fire Extinguishers 



The Foam Type fire extinguisher is also showri^ Figure 4. This unit may be used 
on either.Class A or Class B fires. The method of using this extinguisher is the same 
as for the Soda-Acid type.^ hvert.it and direct the hose so that the foam^is layed over 
the s\irface of the fire. This is for a fire 
involving liquids. For a fire in a solid 
material, the stream of foam should he^ 
directed to fall lightly on, or flow over, 
the burning surface of the material. 

\ ' / 
Carbon Dioxide- or CO2 type extin- 
guishers may also be used on Cl^s B and 
on. Class C fires. This imit is aiso shown 
in Figure 4. To operate the COo extin- 
guisher, pull the seal locking pih and open 
the operating valve. The CO2 s^hould be 
directed towa^jd the base of the /fire with a 
sweeping motion. 

Vaporizing Liquid type extinguishers 
also may be found in some installations. 
These extinguishers contain a solution of 
Chlorobromomethane { CBM) !or other 
similar chemical. These /Units 
gener^ly incorporate / 
a hand pimip for maintaining the discharge pressure and they may be used dn Class B 
and Class C fires. The disadvantages ot this type of extinguisher is that they give off a 
toxic gas during use and thWefore should never be used in a poorly ventilated area. 
When thf y are ijusfed,. i_tis nM .^yis.able to remain in the area of use. A safe,xuleL.would 
be hot to xise this type if another suitable type is available. 

Dry Chemical type extinguishers may 
also be used on {Class B iand C fires. These 
units contain a dry powder, usually sodium 
bicarbonate, andean activating agent of CO2 
,or nitrogen gas. Refer' to Figiire 5 for an 
illustration of the\ dry qhemical extinguisher- 
These units should not jbe used on trash fires. 
To put the extinguished into use,, remove the 
locking pin, open the cartridge- discharge 
valve and squeeze .t^e nozzle handle. \ 

■ U 

Figure 5. also shows a gas and water type 
extinguisher for use only on piass A fires. 

There are other lipes portable fire 
extinguishers in use a!t vafioUs^installiitlons. 
For information aboutftthese many di&erent 
devices, refer to the t^l^ shown in Flgiire 6. 




DRY CHEMICAL 




4r 

GAS ANO' WATER 



Figure 5. Dry Chemical and Gas 
and Water Extinguishers 
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Remember, astitc: 
small you can in som^ ^; 



in time saves nine. If you can extinguish a fire while it is still 
les, prevent a major disaster. The only way you can effectively 



fight fires is to be able^to readily classify the fire and know which extinguisher to use in 



each case. Also you must know how to use each exting\tisher. 
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Figure 6. Fire Extinguisher Characteristicr 
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ELECTRICAL HAZARDS AND SAFETY PRACTICES 



Almost everyone la required to work on or around electrical circuits as they do their 
job in the Air Force. You cannot see electricity; therefore, you cannot determine by 
looking at a conductor if it is energized by voltage. Also, you cannot determine the 
amount of voltage applied to the conductor. In order to work safely around electrical 
equipment, you must understand the following: 

• Operation principles of a. c. and d. c. electricity. 

• Functions of the electrical circuits you maintain. 

• Use of electrical safety equipment. 

• Safety precautions to be observed. 

• Conditions which cause an electrical shock, 
f Effects of an electric shock. 

A number of people are electrocuted each year because they fall to understand one 
or more of the above items • For example, when a person is electrocuted, death 
resulted from which of the following? 

• Voltage 

• Current 

"♦--^Resistance - — — 

An electrical shock includes all three of these factors. However, "current" is the 
•Tdller" in the case of electrical s^hock. 

Voltage is an electrical pressure which causes tiny electrically charged particles to 
flow through a conductive material. 

Current is the movement of these tiny electrically charged particles (electrons) 
through the conductive material. Movement of electrons through the human body affect 
the muscles and nerve system. Whenjthe current exceeds a certain value, the muscles 
affected becoi&e paralyzed. This cau4es the heart to stop beating and the lungs to stop 
functioning. If this condition prevails long enough, death results. 

Resistance is the factor which opposes the flow of current. The amount of resis- 
tance that the human body has depends on certain conditions. The sktn, when dry, has 
a high resistance. This skin characteristic acts to protect a person from electrical 
shock by low voltages. However, when the skin Is wet or damp, it has a smaller amount 
of resistance. Therefore; a person whose skin is wet may be electrocuted by low voltage 
(about 100 volts), while a person with dry skin may not be e.actrocuted with voltages of 
this low value. 

Effects of Electric Shock 

Electric shock may cause instant death or unconsciousness, cessation of breathing, 
and burns of all degrees. If a 60 cycle alternating current is passed through a person 



from hand to hand^ or from hand to foot, the effects when current is gradually Increased 
from zero are as follows! • ^ 

• At about 1 millian^ere (0.001 ampere) a slight shock can be felt. 

• At about 10 milliampere (0.010 ampere) the shock is severe enough to paralyze 
muscles so that a person may be unable to^ r^leas^e the conductor. 

• At about 100 millianqpere (0*100 ampere) the shock is fatal if it lasts for one 
second or more, ^ ^ 

Almost all electrical injuries are caused by carelessness or overconfidaice in 
han(ding equ^ment. Most personnel are likely to think in terms of high voltages, but 
death lies in the low voltages too. The following facts are presented to illustrate the 
hazards of low voltage. / 

The human sUn, through its resistance, acts as a protector against electrical shock. 
This resistance to electrical current varies between 100,000 and 600,000 ohms for dry 
skin. It may bd as low as 1000 ohms for wet skin. The resistance of the internal body, 
hand to foot,^ is about 400 to 600 ohms^^and from ear to ear, 100 ohms. | 

Assume that 120 volts is a^^ t6 the perspiring skin of a worker who is standing 
on a good electrical ground. Further assuming the worker has a total resistance of 
1500 ohms, the current throu^ him would be about 0.08 ampere or 80 m1111amp eres| 
This amount of current is not always fatal, but it is painful. It causes severe muscidar 
contractions and makes breathing difficult. If the current absorbed is between 100 and 
200 miUiamperes, it produces a heart condition, wherein the heart muscle fibers work 
independently and without rhythm, causing instant death. 

Electrical Maintenance 

Here is the possibility of Injury to personnel, the danger of fire, and possible 
damage to material. Therefore, all repair and maintenance work o n elec trical equlp- 
m^tlBli£Hid be pilrtfdrmed only by duly a 

When any electrical equipment is to be overhauled or repaired, the main supply 
switches should be shut off. This includes switches In each circuit from which power 
could possibly be fed. The covers of fuse boxes and junction boxes sbould.be kept 
securely closed except when work is being done. Safety devices such as interlocks, 
^vgflbad^rel^rs. and fuses should never be disconnected except for r^lacements. 
Safety or pr5e^^devices.;Sl^ild never be changed or modified in any way without 
specific authorization. FusM^sj^d^be^rem^d and replaced only after the circuit has 
been de-energized. When a fuse blows, it sbowldW~replac.^^^^rwith a fuse of the 
same current and voltage ratings. When possible, the circuttsh6ttld=be=-car.^^ 
checked before making the replacement; since the burned out fuse is often the resuIFof - 
a circuit fault. 

If practicable, repair work on energiziikl circuits should NOT be undertaken. When 
repairs on pperai^g 'equipment must be made in order to make proper adjustments, 
every known safety precaution should be/carefully observed. Proper lighting should be 
provided, and the worker should be insulated from ground with some suitable non- 
conducting material. A helper should be stationed near the main switch or the circuit 
breaker so that the equ^ment can be de^energized, immediately in case of emergency. 
A man qualified In first aid for electric shock should stand by daring the entire period 
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of the repair. During this type work on energized circuits, safety eqxiipment in the form 
of gloves, blankets, covers, safety tools, etc., must be \ised. 



Personnel should never work alone near high- voltage equipment. Even very high 
body resistance and resistance offered by protective clothing and equipment can be offset 
by high voltages. Tools and equipment containing metal parts should not be used in close 
proximity to high- voltage circuits or equipment. Handles of ail metal tools, such as 
pliers, should be covered with rubber insulation. Warning signs and suitable guards 
should be provided to prevent personnel from coming into accidental contact with high 
voltages. 

Work on electrical equipment should not be accomplished with wet hands or while 
wearing wet clothing since this would greatly reduce body resistance. Wearing thin 
soled shoes with metal plates or hobnails is unwise. Safety shoes with nonconducting 
soles should be worn if available. Flammable articles, such as celluloid cap visors, 
and loose or flapping clothing, should not be worn. Also before working on electronic 
or electrical apparatus, all rings, wrist watches, bracelets and similar metal items 
should be removed. Care should be taken that the clothing does not contain exposed 
zippers, metal buttons, or any type of metal fasteners. 

]^ost portable tools are equipped with a ground wire and a standard ground plug. 
This will protect the operator in event of a short circuit within the equipment. The 
ground wire must be connected to an ai^roved ground and should have a total resistance 
of less than one ohm. Extreme care must be exercised to see that the groxmd connec- 
tion is made correctly^ K the equipment casing grounding conductor ^is connected by / 
mistake to a line contact ortfiepfluga dangerous potential will be plaiied on the equip- / 
ment casing. This might easily result in a fatal shock c6 the operator. ^ _ _ • 

Before.a worker touches a capacitor which is connected to a.de-energized.circuit, 
he should short-circuit the termiiials to make sure that the capacitor is completely 
discharged. Grounded shorting prods should be permanently attached to work-benches/ 
where electrical or electronic devices are regularly serviced. 



In addition to electrical hazards involved when working with batteries, the danger;' 
of acid burns is also present. These burns can be prevented by the proper use of eye- 
shields, rubber gloves, rubber aprons, and rubber boot's with non-slip soles. Another 
battery hazard is the danger of explosion due to the ignition of hydrogen gas given off 
during the battery charging operation. This is especially true where an accelerated 
charging method is used. Open flames or smoking should not be permitted in the 
battery charging room, and the charging rate should be held at a point that will prevent 
rapid liberation of hydrogen gas. Manufacturer's recommendations as to the charging 

ates~for~varlo_us.size batt^^^ should be closely followed; also, an adequate shop 
exhaust system should be usedr 

Electrical Fires 

General cleanliness of the work area and of electronic apparatus is essential for the 
prevention of electricsil fires. Oil, grease, and carbon dust >an be ignited by electrical 
arcing. Therefore, electrical and electronic equipment should be kept absolutely clean 
and free of all such deposits. 

For combating electrical fires, a CO2 (carbon dioxide) type fire extinguisher is 
recommended. Water or foam-type extinguishers should not be used since the water or 
foam will conduct electricity. In cases of cable fires in which the inner layers of 
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Figure 7. Eye Wafih Fountain 



insulation or insulation covered by armor are burning, the only positive method of pre- 
venting the fire from running the length of the cable is to cut (with insulated equipment) 
the^ cable and separate the two ends. When cutting cables it is vital to insure that all 
electrical power has been disconnected. 

SAFETY EQUIPMENT 

Various types of safety equipment are 
provided by the Air Force. You should be- 
come familiar with the location and use of 
the equipment in the following topics: 

• Safety Showers 

• Personnel Protective Clothing 
and Equipnnient 

Safety Showers 

If a toxic liquid or y^por comes in con- 
tact with the skin cr eyes, it should be 
washed off immediately with large amounts 
of water. Special safety facilities are pro- 
vided at strategic locations . When newly 
assigned to a section, you should learn the 
location of this safety equipment as quickly 
as possible. 

Eye Wash Fountain. When a toxic 
chemical comes in contact with the eyes, 
face or hands, the affected ar^'^can^be 
washed quickly by use of the Eye Wash 
Fountain, Figure 7. This fountain is 
^speciaUy constructed to spray water^into ~ 
both eyes at the same time. 

Emergency Shower . In the missile site, 
a toxic chemical may come in contact with 
^ individual's body. If this should happen 
to yqu, remove contaminated clothing and 
quickly^ move to the closest Emergency 
Shower, Figure 8. Enter the shower, turn 
on the water and thoroughly wash all areais 
of the body. Be siure to use plenty of soap 
to assure maximum removal of the toxic 
agent. Where protective clothing is worn 
and is exposed to a toxic chemical, wash 
this clothing off in the shower before you 
remove it. ^ 

Personnel Protective Clothing and Equipment 



There are many items of protective 
clothing and equipment developed for your 




Figure 8. Emergency Shower 
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protection. The complexity of this equipment ranges from simple items such as gloves, 
eye shield, hard hats, etc. , to more complicated items incliiding respirators, self- 
contained breathing apparatus, and complete protective clothing ensembles. Information 
on some items of this equipment is given in the following paragraphs. This information 
is only introductory and at your duty assignment you should determine the type of pro- 
tective clothing available and make certain you learn its purp(jse and how to use it. 
Your general health, and in fact, your very life, may depend Ojff your knowing how to use 
the equipment available. Four very important aspects of behavior are essential when 
working in a hazardous area, or with hazardous equipment. These are: 

\ 

• Be able to recognize the hazard present. „ \ 

• Understand what the hazard means to you. \ 

• Kjiow what safety equipment Is available. 

• Kjiow how to use the available equipment. \^ 

Ear Plugs. This is about as simple a safety device as you will ever see; however, 
don't let its simplicity detract from its value. Expect to use these without fail when 
working in an area where the noise level is continuously high, such ks a diesel power- 
house. It-^is important to realize that sound of moderate intensity, encountered for pro- 
longed periods, can be as injurious to your hearing as high intensity 'sound encountered 
for a short period of time. The very best thing to do with ear plugs is to keep them 
clean and use them. In some cases ear itfuffs are provided as extra prdtection for the 
"ears. 

Gloves. Gloves are required for protection in many types of jobs.. Locate the safety 
gloves m-your area and use them. For the most effective use, you must know which type 
of glove to use in each instance, and you also must know the proper care of these items. 
Various types are supplied for electrical work, handling extremely code or hot items, 
handling various chemicals, and for general physical protection of your -hands from 
bruising, cuts, scratches, etc. \ 

Eye and Face Protective Devices. If any one item of safety equipment could be 
described as the most important, it would probably be the eye protective ^equipment. It 
only takes a very minute piece of foreign material to permanently damage, your eye and 
cause you to lose your sight. To protect your eyes, determine the protective glasses, 
goggles, or shields required for each particular job or area, and wear this equipment. 
Li case your supervisor cannot inform you of the applicable safety equipment, refer to 
AFR 127-101, Ground Accident Prevention Handbook. This manual has a wealth of 
information 'regarding the protective equipment and the safety procedures for doing 
vai^ious type jobs. Frequent use of AFR 127-101 will increase your chances of staying 
in good physical condition. ' " *^ 

Use of Safety Hats 

Hard hats or skull guards are designed to protect your head from falling W flying 
objects. Most safety hats are water resistant, non-conductors of electricity/, and will 
resist fire. They are available -in a variety of sty lea. Figure 9 shows several types of 
Air Force approved safety hats. ' \ 

Since the hat is designed to protect your head, the one offering the most head pro- 
tection is the one with a full brim. Once you receive your hat, take the time toiadjust^ff 
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properly. Proper adjustment provides for - 
at least Ul/i inch of space between the top 
of your head and the inside crown of the hat. 
This space is to provide a cushioning effect 
in event something strikes the hat. Some 
important items to consider in the use of 
safety hats are given below. . 

• Never wear a metal type hard hat 
around electrical hazards. This is 
only common sense , since metal is 
* a conductor of electricity. 




Figure 9. Types of Safety Hats 



Never drill air holes in your hard 
hat. If it does not already have air 

holes ^ do without them as any you drill may cause the material to crack badly. 

The most important thing about safety hats is to be sure and wear them in the 
designated areas. It is absolutely worthless if you don't wear it. 



SUMMARY 

The Air Force maintains a ground safety program designed to prevent accidents, 
and don't ever forget that most accidents can be prevented. Your part in this groimd 
safety program is to become familiar with the causes of accidents and to follow the pre- 
scribed rules and precautions to prevent them. Some of the conditions which breed 
accidents are poor housekeaping, horseplay, improper use of tools and equipment, non- 
observance of warning signs, and lack of an adequate fire prevention program. Of 
course, there are many other causes, among theSe are cases of personnel working with 
unfamiliar equipment or n^taterial. Therefore, to prevent accidents, it is necessary to 
know as much as you possibly can about the equipment and materials you come into con- 
tact with. In your assignment at various Air Force installations yo.u will be working 
with, _orjiear^ such items as mechani cal eq tripment , elecfxical equipment, liquid.and^.^ 
compressed gases, acids, and possibly even radioactive materials. Taike the necessary 
time to personally learn as much as you possibly can about the equipment around you. 
Air Force manuals, pamphlets, technical orders, and commercial texts are available 
from which to learn this material. 

When it comes to the maintenance of electrical equipment, this type work should 
only be performed by those personnel who are fully qualified. The person who maintains 
electrical equipment must be thoroughly familiar with the circuits and must be safety 
conscious at all times. He should work on an energized circuit only when it is absolutely 
necessary; he must use the proper safety equipment and take the necessary ^ecautiona 
to assure complete protection against electrical shock. Remember, electricity always 
conforms to certain laws of physics. You mxist treat it with the proper respect; other- 
wise, your experience in this field may suddenly be terminated. 

The Air Force provides a variety of safety equipment and protective clothing, but 
you must become famil ar with its location and use. , 

QUESTIONS 

1. What is the definition of the word "Accident?" 
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2. What percentages of accidents are considered by the Air Force as being ''Natural 
Phenomena?'* 

3. What are five riiles of good housekeeping? 

4. What type of clothing should not be worn around operating mechanical equipment? 

5. What type of wrench is first choice when it is at all possible to use it? 

6. What is the ratio of hammer accidents as compared to hand tool accidents? 

• 

7. How much cushion space should be maintained between the top of your head and the 
► inside crown of your safety hat? " , 

-8: What are the three "classifications of fires and what determines each class? 

9. What type fire extinguisher must always be used on electrical fires? 

10. What is considered to be the minimum electrical voltage which will cause death by 
electrocution? 

llv What is the first precaution to observe if you are reqxiired to work on an energized 
electrical circuit? 

12. What factor^ is-the-^'killer'* in electrical shock? 

13. Can 100 volts be fatal to the average person? 

14. What is the amount of current and the time of application to produce a fatal 
electrical shock? . • ' 

15. What is defined as contact resistance? 

16. What are the hazards to be considered when working on or around lead acid 

batteries ? 
* • 

17. • What is the purpose of grounding electrical equipment? 

18. Name at least four items of protective clothing or safety equipment. 

REFERENCES ' ' 

AFR 127-101, GrQund Accident Prevention Handbook 
AFP 85-1, Electrical Facilities Safe Practices Handbook 

J5i 

16 



ERIC 



"SECnOMrn 

, NUCLEAR SAFETY 

You must be familiar with the Nuclear Safety Program, adhere to safety tules, 
employ safe practices, and report or correct unsafel^ondltlons, A nuclear accident is 
one which we cannot afford. You must know about mclW safety and yo<i must follow all 
the prescribed nuclear safely rules if your duty ia witiror near a nucleat device. 



^formation on nuclear safety will be presented in the^^foUowing tc^i 

• THE Am FORCE NUOiEAR SAFETY PROGRAM 

• THE TWO-MAN CONCEPT 

• SAFING AND SEALING 



>pic8: 
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THE AIR FORCE NUCLEAR SAFETY PROGRAM 



The nuclear safety program guards our combat readiness by prieventing nuclear 
accidents, incidents, and deficiencies. 




The Air Force achieves safety in nuclear systems by: 

• incorporating safety design In the system, . \ — "^(^ 

• adhering to.safety-rules aWtechnical speclfi cations' ^d procedures goveirning 
system operation. ^ 

eniplojring safe practices during system use« ^ ^ ^. 



• 
• 



correcting unsafe conditions as they develop/ 



■\ 



For the nuclear safety program to continue to be successful, individual nuclear 
weapon system team-members must: ^^^-v ^ 

e study and icnow nuclear safety rules and standards. \ 

M observe and employ nuclear safety nU^^nd^taiidard^ \ 

• report and correct unsafe conditions or procedures. 

THE TWO-MAN CONCEPT 

The TWO-MAN CONCEPT is designed to prevent the accidental or unauthorized 
firing of a nuclear weapon. AFR 122-4 establishes the TWO-MAN\CONCEPT which is 
mandatory for nuclear weapons or nuclear weapon systems. \ 

Certain areaa at a weapon system site are designated as a NO-LONE ZONE. A 
NO-LONE ZONE is an area; 

1. lOiat contains one or more critical nuclear weapon components to which a lone 
individual must be denied access. 

2. From which one person could fire a nuclear weapon. 

t • 

I 
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During aU actMties In a NO-tiONE ZONE, the TWO-MAN CONCEPT must be 
rigidly enforced. [ 

Individual two-naan team members must: j 

j ' ' ' ^ 

1. Be capable of detecting an Incorrect procedure or unauthorized, act on the part 
of the other member regarding the task being performed. 

2. Be familiar with applicable safety and security requirements. 

3. Be authorised by competent authority. 

4. Upon detection of ar Incorrect procedure or unauthorized act: ^ 

a. Take positive steps to terminate the task or act. and 

b. 'ImmedIa^ely_notiiy-propefl[^uthorIties of-the devlatl^^ ' 

The TWO-MAN CONCEP,T a very Important aspect of nuclear safety. Safing and 
seaUng are another very Important part of nuclear safety. 

SAFING AND SEALING ' 



AFR 122-5, Sa/ing and Scaling, applies to each major command with an operational 
nuclear weapon responsibility^ These commands must develop appropriate procedural 
directives to meet sating and seaUng requirements of Nuclear Weapon System Safety 
Rules, / 



Explanation of Terms 



Safing. The method usedjto protect a nuclear weapon/weapon system switch, cover, 
handle, and/or other critical components from inadvertent activation or entry. 

Sealing. The method used to provide evidence of activation or of tampering with a 
nuclear weapon/weapon system switch, cover, handle, and/or other critical component. 



Se^> A device used in sealing, which by its unique design and/or marking, mlnl- 
mizesthe possibility of counterfeiting, stibstitu^ng, removing, or reinstalUng that 
device without detection. : - - ' 

Crimping Device and Die. Specifically designed equipment for ii^talling a seal 
which will cause that seal to bear a distinctive ox unique marking after\proper installa- 
tion. • _ 

* i 

Responsibilities and Procedures 

Each major air command with an operational nuclear weapon responsibility will 
develop and issue appropriate procedural directives governing safing and sealing. As a 
minimum, these directives will: 

1. Require the designation of individuals authorized to apply/remove seals. 

2, Provide guidances as to whe'a seals are to be applied or removed. 
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3/ Require the estabUshment of <:ontrol8 for receipt, stora^^e; issue, inventory , 
and disposal of distlnctiw seals, and/or crimping'devices/dies. 

4.. Require the periodic inspection of seals on nuclear-armed iaircraft, missiles, 
and associated controLsystems* 

5^ Prescribe action to be taken when a seal is found broken or displays evidence of 
taoxpering* 

o ^ / " ' _ ' ' I ____ 

^ SUMMARY . 

The Nuclear Safety Program guards our combat readiness by preventing nuclear 
accidents, incidents ^suid deficiencies. ^ ^ i 

JIJSAF Headquarters is responsible for the program and provides staff supervision 
overfall matter pertaining to the program* f 

j" 

The A|r Force Systems Command and Logistics Command share in the responsibility 
for nuclear weapons system safety, ^ This includes nuclear safety in the design, develop- 
ment, and operation of a nuclear weapon 'system, \ 

The TworMan Concept and saflng and sealing requirements provide for niclear 
safety by.preyenting the unauthorized arming, firing, detonating, or releasing of a 
nuclear weapon or the launching of a nuclear weapon delivery system* . 

QUESTIONS ' 

1. What is the purpose of the Nuclear Safety Program? ' 

/ 

2. What organization is responsible for this program? ' 

3. Name four ways by which the Air Force achieve? safety in nuclear systems* 



4. How can individual nuclear weapon system team jnembers contribute to the Nuclear 
Safety Program? - \ ^ ^ 

5. What is the purpose of the Two-Man Concept? 

6. What is a No-Lone Zone? 

7. In the Two-Man Concept , what is the responsibility individual team members? 

1*. 

8. Define the term' "saflng. " 

9. Deitine thfe term "sealing. " 

10. Who prescribesfthe action to be taken when a broKen.'seal is found on an operational 
nuclear weapon^^ / 

REFERENCES ' / 

1. AFR 122-1, ..''the Air Force Nuclear Safety Program. 

2. AFR 122-4, The Two-Man Concept ' . . n 

3. AFR 122-5, Saflng and Sealing 
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SECTION in , 
RADIATION SAFETY 

With the increased use of atdrmc energy, the possibility of coming into contact with 
nuclear radiation is increased. For this reason it is important to know the types of 
radiation, the effects of exposure to radiation, and the safeguards to be taken when 
working in areas^ containing radiation sources/ ' 

Radiation safety is an important thing in your life today and supplementary r.eading 
of additional material is highly recommenBed. AFP 136-l-'3 contains an excellent 
coverage of hazards involved, the maximum safe exposure rates, and additional precau- 
tions to observe. Once you are exposed, it is a little late to start reading up on the 
subject and jovl never know when you may be exposed. # 

Information on this subject will be covered in the following topic's: 
• IMPORTANCE. OF RADIATION SAFETY ' ' " 

• RADIATION PROTECTION 
IMPORTANCE OF RADIATION SAFETY 

0 

Nuclear radiation- ckn* cause a variety of personSel^injuries from loss of hair from 
a minor dosage, to rapid emaciation and death from lethal dosages. ^Personnel should 
wear radiation, exposure indicators at all times While on duty since radiation becomes 
dangerous when the body is over-exposej^ to. a source of highly concentrated radioactbre 
material. Since radioactive rays cannot be detected by any of the five senses (sightT' 
-sound^smell^~taste>-or-feei),-a -vlctim-can-have an overdose without any apjparent loiowl- 
edge. A strong i^yerdose causes vofeltlng to occxu: several hours after exposure. 

X ■ • ^- ^ 

j It is important to realize" that you'can becbrae exposed to radiation without the 
explosion of a nuclear bomb. Radiation sources are found in many plapes . X-ray equip- 
m^»t and radioisotope ther;^y units in hospitals are possible sources for exposure. 
Also stock ropms where electronic tiJt)e3, radioactive decais, luminous markers,* .and 
other radioactive materials are st03red,.are radiation hazards. 

The explosion of a nuclear bomb • like that of an ordlmury bomb, but many thoue^ds 
of times more powerful, causes dainage by. blast or shock. " The nuclear plosion ;^o 
preWKits other important dangers in addition to blast shock. These changes are gener- 
ally referred to. as thermal radiation and nuclear radiation (initial and residual). As an 
airman, you do not need to become an expert on the nuclear bomb. However, there are 
certain facts that you must imderstand to protect yourself from, this weapon and its 
radiological ef3cts. 

Nature of Nuclear Explosions , ' • 

the four characteristics of a riliclear explosion are: blast, thermal radiation, 
initial nuclear radiation, and residual nuclear r^ation. '^he effects of blast, thermal 
radiation, and initial radiation cover a large area and occur almost instantaiieoui^ly with 
the explosion (see Figure 10) .» Your^rotection from these dangers will depend upon 
your distance from the deton^orfpoint and the type of shelter or shleldingyou use. 



* The last of these characteristics - 
residual nuclear radiation * is ^ven off by 
the fallout after the explosion., TThis is 
shown in Figure 11. The term '^lallout'' is 
used to describe tha radioactive dust or 
particles produced by the explosion of a 
nuclear bonib. This radioactive dust falls 
back to earth from the upper air after the 
explosion is over. If you are exposed.to a 
heavy concentration of fallout, you may be- 
come ill or even die. You can avoid over- 
exposure from fallout of radioactive dust 
if you know hov; ard what to do in case of a 
nuclear explosion. Your disaster control 
personnel will determine the probable 
. areas of fallout and what protection should 
be taken. Remember, you caimot see or 
feel residual nuclear radiation. Therefore, 
it is important that you know how to protect 
yourself against this hazard. 




Figure 10. Nuclear Explosion 




Figure 11. Fallout 

Effects of Nuclear Explosions \ . " " ' 

To begin with, you must realize that the nuclear bomb is just another way of causing 
an explosion. The destructive effects of blast or shock in a nuclear explosion ar^ simi- 
lar to those of an ordinary high-explosive bomb; however, nuclear explosion damage is 
due to the violent change above and below normstl atmospheric pressure. There is a 
great wave of increased pressure outward on objects, followed by a retxirnlng wave in- 
ward with decreased pressure. This is* shown in Figure 12. These two waves of pres- 
sure caude the greatest destructive damage because of the difference in air pressure 
acting on septate siurfaces of a structure. Your greatest danger from blast will be 
falling objects or flying debris.^ Nearly half the total energy of a nuclear explosion is 
in the form of blast. 



At the instant of a nuclear explosion, an extremely hot and shining mass, called the 
"fire ball,'' is formed. Immediately after the ball of fire is formed, it starts to emit 
thermal radiation. The thermal radiation consists of ultraviolet, visible, and infrared 
rays. These raVs will cause severe skin burns of various degrees to exposed personnel 
several miles away from the point of explosion! ' Thermal radiation is also capable of 
starting fires at considerable distances from the point of explosion. Thermal rays 
move outward from the nuclear explosion's ball of fire with the speed of light and are 
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j Figure 12. Effects of Blast and Shock Wave j 

delivered at great distances in a fraction^of a second. Therefore, it/ is important that 
you protect yours^elf from thermal radiajcion immediately upon the indication of a nuclear 
explosion. 



The^ explosion of a nuclear bomb i£^ associated with emission o^ nuclear radiation. 
Initial nuclear rajiiation is generally defined as the nuclear radiation emitted within the 
explosion. Initial nuclear radiation is compose^ of highly penetrating 
invisible, neutrons and-gamma rays. 



first minute after 
and harmful, but 



Neutrons arc 



emitted in the initiajl weapon burst an^ have an/eaectivejrang^^^^ 
parable "with gamma t ays . They are harmful to the human"by direct radiation and indi- 
rectly by producing radioisotopes which appear in the fallout material. 



Finally, you have to contend with : 
explosion is over, 
fall back to earth 



*esidual radiation remaining after the nuclear 
As stated previously, the contanainated pariicles and debris which 

after the explosion isWer are referred to as fallout. Fallout is the 

main source of residual nuclear radiation and is very dangerojfis since it remains radio- 
active for a long period of time and'^ spreads to great distances from the explosion.. 
Residual radiation is of major imports^nce to you because it id composed of highly pene- 
trating and harniftil gamma rays as well a^s harmful beta particles. 



^ Types of Injury Caused 

It is possible for personnel to be injure\i in three ways py explosion of a nuclear 
bomb: blast injuries, thermal radiation injui'ies, and nuclear radiation injuries. 

Blas t Injuries. 1 These are largely indire\t injuries caiised by falling buildings, 
flying debris, or bjn being hurled agaiast a solid object. 



J 



Thermal Radiatiion Injuries . These are bd^ning injuries caused by thermal radiation 
from the fire ball,/ dr secondary fires. 



ERIC 



22 



N uclear Radiation Injuries. This is in the form of radiation sickness caused by 
overexposxire to initial nuclear radiation, or more often residual nuclear radiation. 



Residual Nuclear Radiation 

There is one important fact about residual nuclear radiation that you are Ukely to 
arlook. That is, while heavy faUout (residual radiation) is a new factor, radiation 
luoSf is not something new and is not found only in nuclear explosions. You have been 
bombkded by radiation every hour of your life by cosmic rays from outer space. You 
also receive a certain amount of exposure when you have a chest X-ray. This is done 
by sending invisible (but powerful) rays through some part of yoiu: body. For example, 
when X-rays are taken of yoiu: hanH you feel nothing. However, the X-rays have pene- 
trated your hand. The light sluded outline of your bones on the film means that some 
X-rays have been stopped or absorbed by the bones . Too many X-rays wiU tend to tear 
down body cells, especially the blood-forming cells, thus causing Injury. That is why a 
safety limit is set up. X-ray machine operators are allowed to be exposed only to a 
certaih amount of radiation each week. You have also heard of doctors using radium in 
the treatment of cancer. In receiving this treatment, the patient is exposed to powerful 
penetrating rays. The objective is to use the rays to kill the cells that form the nucleus 
of the cancer formation. The doctor has to control the number of treatments he ^ves to 
a patient or treatment would be fatal. In other words, the radiological hazard and effects 
caused by radiation are not unknown to you. Now that you know something about it you 
call do something about protecting yo\u:self from radiation effects. 

The greatest danger from residual radiation comes from exposing yourself for long 
periods of time to radioactive particles. These particles may be near you or may faU 
with dust, settling on your body or clothing. FaUout, like X-rays, can destroy Uving 
tissue, particularly in the blood forming system. Therefore, airmen working in a 
radioactive or "hot" area will not be allowed to absorb residual radiation ^eyond a safe 
limit as determined by your disaster control officer and medical officer. While you can 
become seriously ui, and even die, from breathing radioactive dust, there is less 
danger than when your whole body is exposed to nuclear radiation either residual or 
initial Remember: All types of radiation are dangerous (residual, initial, thermal. 
X-ray, radium, or even an infrared lamp) because you cannot hear, see, taste, smell, 
or feel radiation rays. 

The three important types of residual radiation are alpha particles and beta parti- 
cles, and gamma rays, see Figure 13. Any agent or material that gjves off alpha, 
beta, or gamma is said to be radioactive. 

•Alpha particles can be stopped by a sheet. of paper and are dangerous only when 
inside the body. Beta particles have Uttle penetrating ability, but may infUct severe 
burns. The gamma ray differs from a^ha and beta particles in that it has high pene- 
trating ability. Thus, a body ejqposed to gamina rays receives radiation both Inside and 
out frequently resulting in serious radiation sickness. Many people beUeve ttat very 
little can be done in treatment of radiation sickness. This is true in case of a lethal 
dose but certainly is not true when the exposure is in the median lethal range. M^y 
borderline cases can be saved by good medical and nursing care; whole blood transfu- 
sions- control of infection by antibiotics; intravenous^feeding to supply necessary sugars, 
proteins, and vitamins; and control of the bleeding- tendency by use of drugs. 

There are certain measures set up by your disaster control officer to protect you 
from receiving extremely large doses of radiation. Your disaster control personnel 
will indoctrinate you on the procedures to use while in a. contaminated area. Be sure 
you follow their instructions. 
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Figure 13. Residual Radiation 

r 

To obtain a better understanding as to why residual radiation is so dangerous you 
must know a few facts about residual radioactivity. When dealing with residual radia- 
tion you will be concerned primarily with beta particles and gamma rays. The beta 
particle cannot travel as far as the gamma ray, refer to Figure 14. 




Figure 14. Distance of Travel Through the Air 



Also, beta particles cannot penetrate any great thickness of material. Most beta 
particles can be stopped by moderate clothing. While beta particles may be less pene- 
trating than the gamma ray, they represent a potential hazard. When beta particles 
acctmiulate on your bare sldn, you can receive a beta burn and become a casualty. 

The gamma rays travel great distances through the aii and can penetrate consider- 
able thicknesses of material. It is because these rays can neither be seen nor felt by 
human beings (but can have harmful effects at great distances from their source) that 
they are important in nuclear explosion. The gamma rays can pass through concrete 
or earth just as radio waves can penetrate the walls of buildings to make your radio 
operate. Of course, gamma rays are weakened by passing through concrete, but some 
of them will g^t thr-uugh. How much gets through depends upon the thickness of the 
concrete. 
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The first indication of an overdose oi residual radiation probably will not show up 
for several hours- or possibly days. Then you most likely will get sick and begin to 
vomit The time elapsing prior to your illness depends on how large a dose you have 
received. It' does not mean that when you start vomiting you are going to die. For a 
few days you. might continue to feel far below par, but with proper medical care you 
would still stand a better than even chance of complete recovery. 

RADIATION PROTECTION 

The effects of blast, thermal radiation, and nuclear radiation will vary with the 
location of thQ point of burst in relation to the surface of the earth. Therefore, in order 
to be able to protect yourself against nuclear explosions, you must have an understand- 
ing of the different types of bursts. The main types to be C9nsidered are air burst, 
surface burst, and subsurface burst. 

Self Protection 

Let us now consider the defensive action to take in case of a nuclear explosion. 
In planning such protection there are several variables to consider, such as type of 
burst, distance from explosion, weather conditions, and shelter available. What defen- 
sive action may be taken then for the different types of bursts? 

The type of cover you would take in case 
of an air burst will depend upon your mission, 
location, whether or not you are warned, and 
many unforeseen factors. As with any explo- 
sion, the more protective material, or dis- 
tance between you and the burst, the safer 
you are. It is doubtful that you will be 
warned far enough in advance so that you can 
reach a safe distance from the explosion. 
Therefore, if you are caught in the open, you 
should drop immediately to a prone position 
(see Figure 15). If you are inside a building, 
fall to the prone position and crawl under a 
desk or any item that will offer protection 
from flying debris. Falling flat on the 
ground and covering your face is better than 
standing. Above all, do not attempt to get 
up until you are sure that the blast effect has 
passed over. 

As previously noted, a concrete shelter is better than wood and an underground 
shelter is better than a fox hole; although any of these is better than standing out m the 
open. As is true with protection from all dangers of war, you as an airman must make 
the most of what you have. Remember that speed in taking cover is vital, and if you 
are able to protect yourself against the effects of blast and thermal radiation, you will 
generally be well protected from the initial radiation. 




Figure 15. Elementary Protection 



In the event of a skrface or subsurface burst by a nuclear explosion, the area con- 
taminated by fallout will extend weU beyond the range of blast and thermal radiation. 
Further the effects of blast and thermal radiation are over in a few seconds while 
residual' radiation remain^ for considerable time. The protection taken again?t sources 
of residual nuclear radiation may be either passive or active. Passive protection means 
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Figure 16. Types of Simple Earth Shelters 



to remain in the contaminated area while taking all possible shelter from the gamma 
rays. This could be underground shelters, basements, or fox holes covered with 
several feet of earth, see Figure 16. ' 

Since you have no way of knowing whether your shelter is safe from residual radia- 
tion, your disaster control personnel will check to find out. From their check it will be 
determined how safe your shelter area is and if it is safe to remain there. 

Active protection is evacuation from the contaminated area to one that is free from 
contamination or to one which is less contaminated. This action is by no means easy 
since the resulting radiation exposure may be greater than if passive protection 
measures were taken. Therefore, it is impossible to make any definite recommenda- 
tions. The action taken will depend upon your disaster control personnel; always rely 
upon their knowledge and judgment. Above all, remember that your mission may 
require you to remain in the area. You may have to leave your shelter to help in decon- 
taminating the area. But your disaster control personnel wiU continue to keep check on 
the amount of exposure you have received regardless of what you are doing; One of 
their main concerns is your safety. 

In general, the protection against nuclear explosions (regardless of the type°of 
burst) may be summed up by the terms "distance" and "shielding." In other words, it 
will be necessary that you get beyond the reach of the effects or get as much material 
as possible between you and the source of radiation. Since it is very doubtful that you 
will have time, or that your mission will allow you,- to get beyond the effects of a 
nuclear explosion, you must be prepared to put a sufficient mass of material between 
you and the explosion. This means that you wiU have to use what is at hand. To act 
safely, you must remember what forfces you are facing (blast, thermal, and nuclear 
radiation) and put up the best possible defense against them. 

Protective Equipment ^ 

AU personnel entering a contaminated area should wea" protective clothing to pre- 
vent the entry of radioactive diist. The main reason for this precaution is to shield beta 
particles from your skin. Beta particles won't penetrate far into your body but they will 
damage the skin. The effecTis al-eddening and blistering of the skin and is called "beta. 
burns." Such damage may not appear until some time after exposure since beta particles 
have a delayed action. You may not know you have received skin burns from beta parti- 
cles until it is too late to prevent painful injuries. In the event you feel you have beer 
exposed, let the medical people examine you. They are better qualified. Always play 
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safe b> wearing any protective clothing you have in the manner in which you are instruct- 
ed to wear it. Also you should remember that clothing offers very little protection 
against gamma rays. Therefore, in addition to taking steps to prevent beta particles 
from reaching the skin, you should have your self- indicating meter with you. 

When you enter a "hot'' area, keep radioactive dust off your body and out of your 
system. If you inhale radioactive dust into your system, you can obtain a serious 
internal injury. If there is radioactive dust in *'hot" areas, be sure that you wear your 
protective mask. Your disaster control personnel will inform you about the condition of 
the area you are entering; therefore, be sure to follow their instructions. Above all, 
you must remember to wear gloves to protect your hands while in a contaminated area. 
Touching radioactive material with bare hands will result in serious injury. By wearing 
gloves it will be easier to decontaminate your hands, especially under the fingernails. 
You cannot afford to be careless when working in a radioactive area. 

Any clothing that covers you gives some protection against beta particles. In order 
to protect the basic clothes you are wearing from radioactive dust, extra or protective 
clothing is desirable. For dry operations, .heavy clothing and shoes should be worn. 
You should also wear cotton or canvas work gloves and a tightfittlng c^. It is advisable 
to tie the bottoms of the pantlegs (over the shoes) and the end of the sleeves (over the 
gloves). to prevent the entry of radioactive dust. If the area you enter has large quanti- 
ties of dust, you should wear your protective mask' or dust respiratbr to prevent inhaling 
it. When you are doing wet decontamination, you should wear water-repellent clothingi 
rubber boots, and rubber gloves. Make certain that your rubber clothing does not have 
breaks or tears because this would allow beta particles to enter.- 

Radiation Detection and Measurement 

Instruments developed for the detection and measurement of radiations are called 
radiac, or radiosurvey instruments. Radiac is an abbreviation for radiation detection, 
indication, and computation. . Radiac instruments measure the absorption of radiation, 
either in terms of dose- rate or dosage. 

Dosage is the term applied to the total or accumulated amount of ionizing radiation 
recieved regardless of the time involved. Dosage is measured in terms of roentgens 
(r) or milliroentgens (mr). A person could absorb 20t)-r in a minute, an hour, a week, 
or a year, and the dosage would be only 200-r . Dosage is accumulative; however, if a 
person absorbed 20-r the first day, 5-r the second day, and 6-r the third day, the total 
dosage would be 31-r. 

The total quantity of ionization received during a single radiation experience is 
called a dose. The radiation dose in roentgens is referred to as an exposure dose. It 
is a measure of the total amount of ionization that a quantity of radiation could produce 
in. air.. This is different from the absorbed dose, given in reps or rads, which repre- 
sents the energy absorbed from the radiation per gram of specified body tissue. When 
a small portion of the body, say 100 grams of tissue, and the whole body, say 80,000 
grams of tissue, are exposed to the same dose-rate of radiation the effects produced 
will differ. A dose of 5,000 r can be used to treat skin cancer on the hand. This will 
leave a scar but will not affect the entire body to any great degree. On the other hand, 
absorption of 500 r by the whole body would be fatal to a majority of those exposed. 

In addition to the dose-rate detection instruments used by disaster control person- 
nel, all personnel in your unit may be issued a dosimeter. This is a detection device 
used to indicate the radiatio.^ dosage you have received. 
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Warning Signs 

AFTO 9 Series of forms are used to aid in the identification of radioactive material. 

These have a background of yellow with red symbols and black lettering. Any time 
these warning signs appear , precautions must be taken against the radiation hazard 
identified. Such warning placards are illustrated in Figures 17 and 18. 

SUMMARY ' 

The primary defense against radiological effects of nuclear detonations is to prevent 
or minimize nuclear radiation casualties from nuclear bursts, or from radioactive 
materials used as casualty agents. Radiological effects, whettier caused by radioactive 
agents without a nuclear explosion or by the nuclear bomb, are not mysterious. You 
have been exposed to various radiations many times. While radioactivity has attracted 
considerable interest because it represents a new type of attack, casualties due to this 
hazard are likely to represent a 'fairly small portion of the total. You must remember 
that this will depend upon several factors, such as type of shelter or shielding used, 
ability to decontaminate, type of burst, weather .conditions, type of terrain, as well as 
distance from the detonation point. 

Your safety from radioactivity depends t5)on your ability to identify radioactivity 
warning signs and signals, and to take the appropriate safeguards against personal con- 
tamination. In other words, your safety here is the same as in any other situation. 
Know what the hazards are, know how to identify the hazards, and know what s^ety 
measures to take. Learn as much as you can while you have the tiiae, so that you can 
take^care of yourself when the need arises. 

QUESTIONS 

1. What publication covers radiation hazards and precautions? 



2. What are some of the fairly common sources of ra^tion? 

3. In a nuclear attack, whatofiwsjh^ 

4. What aMJtjur^characteristics of a nuclear e3q?losion? 

_^ — ^ — ^ 

. T, ' 

5. How can you detect nuclear radiation: 

6. What offers you the greatest protection from radiation? 

7. What series of forms are used as radiation warning signs and labels? 

8. If you feel you have been exposed to radiation, what is the first thing you should do? 

9. If you are'requiped to work in close proximity to radioactive materials, what safe- 
guards should you take? 

10. Whose knowledge aifd Judgement should you rely upon when working in a radiation- 
contaminated , "hot" a^ea? 

REFERENCE 

TO 00-110 A-8, Radiological and Disaster Recovery at Fixed Military Installation 
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SECTION IV 
FIRST AID 




Some day you may save someone's life, possibly yoiu: own, if you know how to pro* 
perly render first aid. As you know, first.aid refers t^4he treatment given the sick or 
injured befbre regular medical or surgical treatment can be administered by trained 
personnel. •'^ / * 

The fundamentals* of first aid are easily learned. You can imprqve yoxir handltog of 
emergencies jxist by acquainting yourself with the Contents of this section. Information 
of value to you is.jpresented in the following topics: 

• SPECIFIC TYPES OF WOUNDS 
FRACTURES AND SEVERE BURNS 

• HEART- I^UNG RESUSCITATION 

• EMERGENCIES FROM TOXIC SUBSTANCES 

• PREVENTION OF ADVERSE EFFECTS OF HEAT 

The information presented in the following paragraphs is not intended to qualify you 
as a doctor or even as a medical aid man, but it may help you save a life. ^ 

SPECIFIC TYPES OF WOUNDS " ^ .^---^^'^ 

The life saver steps: Stop the bieedtag,.^prevenf shock, and proteqt the wound, 
should be carried out whenjxeatingrany peijson whQ,hafi suffered injury. 

Stop'the^Bleediig^ " ' 

First ^ly pressure to the wound with a dressing or any clean article of cloth, The 
dreasing is placed against the wound and firnr pressure should be applied long as 

^needed If Ihe. woundJs J3n^an^ari?pij prjeg,. jtnd, if bleeding continues^ place the patient 

in a prone position with the injured limb rafeed. The limbs should not be raised if 
broken bones are suspected. / . 

If blood is gushin? from the wound and the previously discussed methods of stopping 
the bleeding have fail'ad, a tourniquet should be applied. The tourniquet should be 
tightened only" enough to stop arterial bleeding (gushing of blood from the wound). Al- 
ways place the touroiquet between the wound and the heart, in most cases just above the 
wound; however, in case of bleeding below this knee or elbow, a tourniquet should be • 
placed above these loints. _ ^ . , 

The patient should be seen by a medical officer as soon as possible after the tourni- 
quet is ^lied. The tourniquet should not be loosened by anyone except trained medical 
personnel. 

Bleeding cau often be reduced or stopped by applying hand or finger pressure at 
various points on a' patient's bo(ty as indicated in Figure 19. 
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The pre3siire poin ts in the groin and neck_ _ 
are particiilarly important. /U the wound is 
too high on the leg for a tourniquet. to be 
applied, the pressure points, in the groin can 
be used* ^ A neck pressxireypoint should be 
used when the patient has a profusely bleed- 
ing scalp woundr Use the neck pressure 
point only when other methods of stopping 
the.bleeding have failed. Do not apply pres-* . 
sure to both neck points at the suae time or 
the blood supply to the brain wllrbe criti- 
cally reduc^. 



Prevent or Treat Shock ^ \. 

Treatment for .shock is started as soon 
\as you come^updna casualty. Shdek is a 
COTiditioirbf great weakness of the body. It 
'can, and often does, result in death, and 
may be caused by saiy type of injury. The 
nipre severe the injury, the more likely the 
occurrence of shock. 

\ A person in shock may tremble land 
appear nervous. His pulse becomes rapid 
and weak. He may be excessively thirsty. 
He may become quite pale and wet with 
perspiration. He may gasp for air, and he 
may pass out. 




Figure 19. Pressure Points for 
Bleeding Control 



A\person may not go into shock for sometime after an injury; therefore, he should 
be treated for shock whether he has shock syiAptoms^(^iwt._^p_pr_event-or, treat shock, 
-^make-tWpatient-comf6rtabler~"Remove^any^bu^^ the patient has been carrying. 
Loosen 'his belt and clothes. Handle him gently. Do not move him more than is abso- 
lutely necessary. If he is l3ring in an abnormal position-, make sure no bones are broken 
before you attempt to straighten him out. If there is no head wound, lower his h^ad and 
shoulders, or if possible, raise his legs to incbrease the flow of blood to the brain. 
Patients with head wounds are treated as described ill the section covering head wounds. 
Use a blal^et, coat, etc. , to keep him from becoming chilled. Be sure to put some- 
thing under him to protect him from the cold ^ound. If he is unconscious, place him 
face down with his head turned to one side. This position helps to prevent choking 
should, he vomit. Once you have the patient in the proper position, don't move him 
because to fdo so might make his blood pressure drop. ^ 

If the patient remains conscious, replace body fluid by giving him cbffee, cocoa, or 
tea to drink. Do not give fluids to a patient ]ivho is unconscious Or to one with a stomach 
wound* In some cases it may be advisable^to apply breathing oxygen if available. 

Protect the Wound , \ 

A dressing held in place by a bandage helps protect the wound from germs; foreign 
matter, and further injury. Keep your hands off the wound and do not touch the side of 
the dressing that goes next to the woimd. DonU pull clothing over the area to.be treated; 
tear or cut clothing away from the wound. 
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To tre^ a belly wound, cover it with a sterile dressing from a first aid pack or kit, 
fasten the dressing secxirely and treat the patient for .^shock. Do not try td replace 
orgaiis such. as intestines, protruding from the belly; To do so might cause infection 
and sever shock. However, if it is necessary tp'^moye an exposed intestine in order to 
cover the wound then do so. Be sure to keep the intestines wet with water. Do not give 
food or water through the mouth but the person^s lips naay be moistened with a wet cloth, 

* Chest wounds are particularly dangeroxis if aii) is being sucked in and blown out of 
the chest cavity through the wound. When such coiicUtion exists, the wound itself is not 
aa dangerqus as the air which ^oes through it because the air squeezes the lung, and 
may cause it to collapse. Make a chest wound airtight as soon as possible. The ^ 
victim's life may depend' on it. To make the^wound airtight, have the patient forcibly 
exhale, if possible. Immediately apply a dressing which is large enough to stop the 
flow of air through the wound. Pack the dressing firmly over the wound; Cover the 
dressing with a large piece of material, such as from a waterproof garment to he^ 
make the wound airtight. B^ind this covering securely with a belt or strips of torn / 
clothing. Encourage the patient to lie on his injured side so that the lung of his uninitir 
ed side can receive more air. / 

1 * * 

Head wounds may consist of one of the following conditions or a combination of 
these conditions; a cut or bruise of the scalp, fracture of the skull, or an injury to the 
blood vessels to the scalp, skull and brain.. A scalp wound is easily detected because 
of the profuse bleeding. To treat such a wound, perform the three life saver steps 
described above. Once dressing is applied, do not remove it. 

It is more difficult to discover internal injury to the head. Suspect a brain injury, 
if an individual: 

Is, or has recently been unconscious. ' 

• Has blood or other fluid escaping from the nose or ears. 

• Has a slow pulse. ^ 

• Has a severe headache. > 



• Is vomiting. 

• Has had a convulsion. - ... 

• Has different sized eye pupils. 

• Has difficulty remaining conscious. 

In any head injury do not place the psifeient'a.head in a position lower than the rest 
of his body. Keep him flat on his back unleiss he is unconscious or unless the wound is 
on the back of his head. If the patient is uncojiscious, examine the nibuth for false 
teeth or other objects which might cause choking. Place him face down with head • 
turned to^e side. .^^^ 

Extreme care must be taken with patient's with head wounds. Obtain expert 
medical treatment if at all possible. If he is unconscious, move him on a litter face 
down. 
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Bleeding from the neck usually is seyere because of the many bloQd vessels in tliis 
area'. Stop the bleeding by exerting pressure with a sterile dressing,: Ttien bind the 
dressing so as to protect the wbimd. If the large artery, or vein is cut, apply hand 
pressure both above and below the cut, A patient with a penetrating neck wound needs 
special treatment to prevent him from choking on blood. Have him lean forward with 
his heid held forward and down or. have him lie face down* These positions allow the 
blood to .drain out/6f his mouth instead of into his windpipe. Treat for shock but do not 
use the fa<^p shock position, AND GET MEDICAL HELP AT'ONCE. 

<, Part of the treatment for jaw wounds is similar to that of neck wounds, because 
usually there is severe bleeding and consequently danger of choking on blood. Have the 
patient sit up with his head held forward and down. If his jaw is broken, do not bandage 
his mouth tightly shirt. Place the absorbent part of the dressing over the wound and tie 
the tails over the top of the head to lend support to the jaw. When treating'a jaw wound 
as in the case of a neck wound, do not use a f?Lce up - head low shock position. 

FRACTURES AND SEVERE BURNS , ' 

When treating patients with fractures, remember two important points: prevent 
shock, and prevent further injury, " Careless handling of patients with fractures can 
result in further injury. 

A fracture should be suspected if there is: 

\ • Tenderness over the injury with pain on movement., 

• Inability of the victim to move the injured part, 

• Unnatural sh;^e, • * / v . 
•< Swelling and a change in color of the' skin. 

A frac:;ure may or may not have all these signs. If you are not certain whether a 
fracture is present or not, give the patient the benefit of the doubt, treat the injury as 
a fracture. 

There are two types of Iractures. A closed fracture^ (simple fracture) is a break 
in the bone without a break in the overlying skin> An open fracture (compound fracture) 
is a broken bone with a break in the overlying skin, with the broken bone protruding. 

Most fractures require splinting. Proper splinting relieves pain and helps prevent 
further injury. The reduction of pain cannot be overetaphasized, because excessive pain 
increases the danger of shock. 

Arm Fractures ' * 

Fractures of the arm should be supported with splints whenever possible t:> keep the 
fractured bone from moving. Tempc^rary splints can be madt from such items as, 
boards and branches. The splint should always be padded with soft material to protect 
the limb from pressure and rubbing. Biiid the splints securely at several places above 
and below the fracture but.not so tightly as to stop the^flow of blood. , Apply a splint tc 
either side of the arm. If an injured elbow is bent, do not try to straighten it; if 
straight y do not bend* it, ' 



I 

i A sling is the quickest way to support a fractured bone of the arm or shoulder, a 
sprained arm, or an arm with some other painful injury. The arm should be bound 
snugly to the body to prevent movement. You can make the sling by using any material 
that will support all the portion of (he lower part of the arm and hold it close to the body. 

Fractwed Backs ^/ 

First Aid for Broken Backsl. Often it is impossible to determine whether a person 
'has a broken back or not. Susp]|ect a fracture with any back injury, especially;if the back 
has been sharply struck or bent* Remember, if there is a fracture, and the bone frag- 
ments are moved, the spinal cord may be cut. The following first aid procedures should 
be followed if a person has, orjmay have, a broken back: ! 

e Place the patient on a flat sxirface. ' 

• If a patient must be moved, lift him on *"he litter without bending his spine for- 
ward and securb the patient to the litter in several places. 

• Carry the patient face down in a blanket litter if he is already in a face down 
position. 

• Keep the patient^s body lying straight and natural, with the air passages kept 
— free* 

• Treat for shock, but keep the patient flat rather than in a shock position. 
The following is a list of things that should not be done: 

• Do not move the patient unless absolutely necessary. 

• Do not raise his head, even for a drink of water. 

• Do not twist his neck or back. 

• Do not carry him in a blanket face up. 
Leg Fractures 

The quickest way to splint a broken bone in a leg is to tie both of the victim*s legs 
together both above ana below the break. The uninjured leg serves as a splint for the 
fractured leg. This method is good if the patient must be moved in a hurry. 

If time permits, a good splint for the lower part of the leg can be made by using 
two long sticks or poles. The poles should be rolled in z soft cloth material to act as 
padding for the legs. Bind the spUnt firmly in several pjlaces. Splints should extend 
from a point well above the knee to a little below the foot. 

Hip and Thigh Injuries 

Splints for fractmres of the hip and thigh are improvised in the same maimer as 
splints for a leg fracture. The inside splint should extend from the crotch to a little 
below the foot and the outside splint should extend from the armpit to a little below the 
foot. 
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Broken Necks / i 1 

The life of a person with a broken neck is in extreme daaM^cA Just as in the case 
of a broken back, bone fragments may cut the spinal cord, jiaip^the patient's head still 
and straight! You can keep t|ie oatient*s head and neck motipniess\by placing heavy 
objects su6h as stones at each side of the head as supports. I Place VoUed cIotBihg or a 
rolled blanket under the neckkor support and pa^Jding. . To p|lace the\roll under ihe neCk, 
raise the shoulders. Do not bend the neck forward, DO NOT twist i^r raise the head 
under any conditions. Leave the person absolutely motionless and tr^at for shock. 

Treatment for Burns \^ I \^ 

Severe burns are more likky to cause shock than other types of wounds so be sure 



to treat for shock whenever a person has been severely burned. 



Infection is another great danger in cases of seyzre burns. To get cl^othing away 
from the.bii^n, cut or tear the clothes, then gently^ lift them off. Do not iniU the clothing 
over the burn and do not try to ripmove pieces of cloth thatjstick to the burned area. 

/ i I \ 

/If large sterile dressings arfe available, burned surfaces may be covered, but in 
the/case ;bf severe burns it ik best to leave the burn exposed. Never break the blisters 
or /touch the burn. 



The victim of burns shoiUd drink a lot of water becaiise of the loss of body fluids. 
If possible, add salt tablets or loose salt to the water. Three or more quart* of water 
should be consumed^^^ the burned victim every 24 hoursf. Again medical personnel 
must be summoned at the earliest possible moment. i 

Tifeatment for Electrical Shoc^ I * 

i Immediate action must be taken in cases of electric shock. Seconds count las they 
can mean the difference between death and recovery. Artificial respiration is the funda- 
nJwitkl first aid measure for this emergency. A i)erson coming in contact withja ^^Uve 
wire" is the/Usual cause of electrical shock. If. the switch is nearby, turn it otL but do 
not spend tiine hunting for the switch. Remove the victim from the wire by usiiig a dry 
^oocien pole, dry clothing, rope, or any non- conductor |. Be siure not to touch the wire 
or Victim/ with your bare hands or you wiJl end up in the same condition as the vi^ctim. 
Artificial respiration should be started immediately after freeing the vTctim from the 
wire. 

HEART- LUNG RESUSCITATION / 

Resuscitation procedures described herein are In. two parts; which, when coiabined, 
constitute heart-lung resuscitation. These procedures are applicable to victims of 
electrical shock, heart failure, drowning, suffocati6n, and certain other causes; how- 
ever, the original consideration here is electrical shock. 

^ Artificial respiration is applicable where respiration har stopped, but there s a 
pulse however slight'. The easiest place to detettjthe pulse is not in the wrist, but in 
the throat on either side of the windpipe near the collarbone. In cases where no pulse 
is apparent, use closed-chest cardiac massage along with artificial respiration. 

Qosed chest cardiac (heart) massage is the rhythmical compression of the her^.T-t 
1 without opening the chest by surgery. It is designed to provide an artificial circ * ' >n 
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In order to keep blood flowing to the brain and other organs until the heart's beat has 
been re-established* Closed chest cardiac massage is used in cases where the heart 
has stopped beating (cannot detect a pulse). 

The primary reason for the heart's ceasing to beat is insufficient oxygen to the vital 
centers. This could result from smothering. Other reasons include electrical shock, 
excessive bleeding, shock, heart disease, effects of certain drugs, and even anxiety. 

When the heart stops beating or breathing stops, it is always an emergency. Be 
calm; think; act 1 Time is of the utmost importance - SECONDS COUNT ! If you are 
alone, or there are only two of you to conduct emergency aid, DO NOT TAKE THE 
TIME TO SEND FOR HELP. If additional personnel arrive, then send for medical 
personnel. The great danger when the heart or breathing stops, is the lack of sufficient 
oxygen carried in the blood to feed the brain. The brain is the most sensitive tissue of 
the body and the results of a shortage of oxygen becomes severe within a few minutes 
(usually about three) after breathing and circulation are cut off . Thus, while a victim 
who has had delayed resuscitation may live, he faces the possibility of extensive brain 
damage - a human vegetable. ^ 

Mouth-To-Mouth Method 

This method of artificial respiration is accomplished by executing the procedure 
listed below. 

1. Place the casualty on his back (face up). Do not put anything under his head 
as it may flex the neck, causing the air passages to be blocked. 

2. Quickly clear his mouth of any foreign matter by running your fingers behind 
his lower teeth and over the back of his tongue. Wipe out any fluid, vomitus, 
or mucus (see Figure 20). This cleaning should not take more than a second 
or two since little time should be lost in getting air into the casualty's lungs. 

3. If available (do not waste time looking for these materials) place a rolled 
blanket or some other similar material under the shoulders so that the head 
will drop backward. Tilt his Head back so that the neck is stretched and the 
head is in the "chin-up" position (see Figure 21). This aligns the air passages 
so that they do^not become blocked by kinking or pressure. 




Figure 20. Clean Victims Mouth 



Figure 21. Position Head and Lqwer Jaw 
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4, Place your thumb Into the corner of hia mouth and grasp the lower jaw firmly* 
' Lift the lower jaw forward to pull the tongue forward out of the air passage. 

Do not attempt to hold or depress the tongue. 

5, With other hand, pinch the nose shut in order to prevent air leakage, 

6, Take a deep breath and open your mouth wide. Seal yoxir mouth around the ^ 
casualty's mouth and yoiu: thumb, and blow forcefully (except for infants and 
small children) into his mouth until you see his:chest-rise (seTFigure 22), If 
the chest does not rise, hqWlhe-jaw-upTnoi^rforcefully and blow harder while 
making sxireJhere is no blockage of the air passage and no air leakage around 
the mouth or nose# 

7, When his chest rises, stop blowing 
and quickly remove your mouth from 
his. Take another deep breath while 
listening for his exhalation. If his 
exhalation is noisy, elevate the jaw 
further. 

8* When exhalation is finished, blow in 
the next deep breath. The first five 
to ten breaths must be deep (except 
for infants and small children) and 
given at a rapid rate in order to 
provide rapid reoxygenation. There- * Figure 22^' Apply Mouth-to-Mouth 
after, continue breathing at a rate Respiration 
of 12 to 20 time« a minute. 

CAUTION: Excessively deep and rapid breathing may cause you to become 
faint, to tingle, and even to lose consciousness. Therefore, after the first 
five to ten breaths,' adjust your breathing to a rate of 12 to 20 times a minute 
\ with only moderate ibcrease in normal volume. In this way rescue breathing 
' ' can be continued for long periods without fatigue, " 
* 

9, After performing rescue breathing for a period of time, you may notice that 
the casualty's stomach is bulging. Thi^ is^due^to air being blown into the 
stomach instead of the Iv^ogs. Although an inflation of the stomach is not 
dangerous, it makes inflation of the lungs more difficult. Therefore, when 
you see the stomach bulging to a marked degree, apply gentle pressure to 
the stomach with your hand between inflations. 

10, As soon as artificial respiration has been started and while it is being con- 
tinued, an assistaxit should loosen any tight clothing about the casualty's neck, 
chest; or waist. KEEP THE PATIENT WARM. 

11, Continue artificial respiration without interruption, until natural breathing is 
restored or until a physician declares the patient ir dead. 

12, To avoid strain on the heart when the patient revives, he should be kept lying 
down and not allowed to stand or sit up. He should be kept warm. Give him 
a warm drink, such as coffee or tea. 
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13 A brief return of natural respiraUon is not a certain indication for stopping the 
* -esuscitation. Not infrequently the patient, after a temporary recovery of 
respiration, stops breathing again. The patient must be watched, if natural^ 
breathing stops, artificial respiration should be resumed at once. 

Closed Chest Cardiac Masjage ' — — 

It is imperative thatblood-^ctel2k)n be maintained while the mouth-to -mouth 
resplration-irteiSperformed. A quick method of determining if the heart has stopped 
beating is to lift the victim's eye lid and observe the pupU. If the pupil is dieted 
(eiSed), the heart has stopped beating and artificial blood circulation must be m^- 
tained throughout the revival procedure, or until natural heart beat is re-established. 



FoUow the procedure listed below to establish and maintain circulation. 



1. 



2. 



3. 



5.. 



Lay the patient face up on a solid 
support, such as the floor, groimd 
or pavement* A bed or couch is 
too soft. 

Clear the patient's throat and 
mouth of any foreign matter. 

]6egin mouth-to-mouth resuscita- 
tion simultaneously with heart 
massage. If two people are avail- 
able, one give mouth-to-mouth 
resuscitation while the other gives 
closed chest cardiac massage (see 
Figure 23). If only one person is 
available, alternate eight counts 
of cardiac massage with two covaits 
of mouth-to-mouth breathing. 




Figure 23. 



Two Person Hear t/L\mg 
Resuscitation Method 



HIAfT AND THOtAOC CAGf 



THE STERNUM 
MIDDLE OF 
THE BREASTBONE 



THE HEART 



Kjieel at right angles to the patient*? 
trunk so you can use your weight in 
applying pressure. 

Place the heel of your right hand on 
the breastbone of the patient, with 
^fingers spread and raised so that 
pressure is only on the breastbone, 
but not on the ribs (see Figure 24). 
Place your left hand on top of the 
right, and press vertically down- 
ward - apply enough pressure to 
depresjTthe breastbone fromi one 
ard one-h'ilf to two inches (see 
Figure 25). The chest of an adult, 
although resistant when he is con- 
scious, becomes surprisingly 
flexible when he is unconscious. 
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Figure 24. Heart and Thoracic Cage 
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NOTE: With a child, uae only one 
hand and relatively light pressure. 
In newborn infants, tise of fingers 
only may be sufficient. 



NOTE: The heart is located between 
the sternum (breastbone) and the 
vertebral column. Pressure on the 
breastbone forces the heart against 
the spine y thus forcing blood into the 
arteries . Release of pressure allows 
the heart to refill with venous blood. 



PRESSURE 



6. 



7. 



Release the pressure immediate* 
ly, lifting the hands slightly (see ' 
Figure 26) y then repeat in a ca- 
dence OF APFROXI^IATELY 60 
THRUSTS PER MINUTE. 

Continue closed chest cardiac^ 
massage until you get prof es- 
sional medical aid. Also ^ if 
possible, continue to give mouth*- 
to«mouth resuscitation until some- 
one arrives with a tank of oxygen 
to take over. , Tt ytni are on yow 
own and the victim shows no re- 
sponse, continue both measures 
until the victim becomes stiff 
(rigor mortift sets in). Even 
trained and operienced medical 
personnel find it increasingly 
difficuU to say when a person is THE STERNUM 
really dead beyond recall.^^ain, 
the most inrportant point is & VENOUS 
immediately bog^ and continue ritiirn 
resuscitation efforts. | 



Back JPressure- Arm Uft M^hod 

The back pressure-arm lift rnethod 
of artificial respiration is shown in 
Figure 27. This method may be used 
when the victim has suffered mouth injur* 
les, or when vomiting is occurring. 
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Figure 25. Pressure Forces Blood 
out of Heart 



Back Pressure-Hip lift Method 
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Figure 26. Release Pressure, 
Heart Refills 



This is another method of artificial 
respiration which may be used when the 
ExlyUed Air Method is not desirable, and 

when arm injuries prevent the use of the Arm Lift Method, (see Figure 28). 
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Figure 28 V. Back Pressure- Hip Lift Methpd 



EMEliGENCIES FROM TOXIC SUBSTANCES 

AFM 127-101 should always be consulted for current information relative' to chemi- 
cal hazards. As an airman, you can expect t6 dome. in frequent contact with potentially 
dangerous substances. Fuels, solvents, and fire extinguishing agents are examples of 
'such materials. Over-exposure to these, and many other substances, can result in 
severe iUiiess or death. Remember, the early effects of toxic substances are often 
difficult to detect; So Be Alert I 
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Fuels 

• ' 

Some fuels rnay present a potential hazard. Look for these symptoms in yourself 
and others: drowsiness, headache, iassltude, a sense of well being and buoyancy, 
excitement and disorientation; and then. In a later stage a reduced level of conscHous- 
ness, convulsions, and finally coma. Immediately remove a person to fresh air if he 
develops any of these symptoms. Normally, fresh air is aH thSlTneeded for mild 
contamination. M clothing has been saturated with fuel, remove the affected clothing, 
aeanse the skln lmmediately with large amounts of water . 

If the victim is found unconscious, remove him to fresh air .and give* Mm oxygen if 
available. Keep him warm. Give artificial respiration if he is not breathing and get 
^m^cal help as soon as possible. The best first aid for toxic fuel, as for all toxic 
substances, is 'to practice correct preventive measures. 



Solvents 



Solvents compose another group of chemicals that often prove toxic. Asia 
true in any case of toxic posloning, immediately remove the victim from the 
contaminated area, remove any clothing that is saturated, and throughly wash the 
contaminated skin. 



PREVENTION OP ADVERSE EFFECTS OF HEAT 

When working tmder high temperature conditions, there are several important 
precautions that you should take to prevent heat cramps, heat exhaustion, or heat stroke. 
Your ability to quickly recognize the symptoms of each and provide the correct treatment 
may save your life or the life of your fellow worker. 

The symptoms, effects, treatment, and prevention of the adverse effects of heat 
\ are presented in the following topics . 

\ Heat Cramps 

\ ^ 

A cramp Is the result of excessive loss ot body salt by perspiration, '^he cramp 
may occur in the arms, legs, and stomach. The body temperature will usually remain 
normal. — / 

^ This condition Is relieved by replacing the salt lost from the body through the 
administration of a salt solution by mouth. This condition also requires rest. 

Heat Exhaustion , ^ . ' 

Heat exhaustion is the result of excessive loss of water and salt from the body, it 
is characterized by profuse perspiration, coolness of the skin, low blood pressure, fast 
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pulse^ e^ctreme weakness^ nauaea^ headache, staggering, mental confusion, pale sldn, 
and occasionally, leg and stonotach cramps. Mild cases recover rather promptly under 
rest alone, but death due to circulatory collapse is not uncommon. 

Treatment consists of moving the individual to a cooler place to rest, elevate his 
feet, massage his arms ;md legs, and give him water and salt as freely as he will take 
it. . ' , A. 

Heat Stroke 

Heat stroke is a very serious condition with a high mortality rate. It is "the result 
of the breakdown of the body's heat regulating mechanism. The early symptoms are the 
same as for heat exhaustion, except that the individual's skii: willbe hot, red, a^d dry 
and,there will be absence of perspiration. However, the onset of heat stroke-may occur 
with dramatic suddenness and there will be collapse and loss of consciousness. Convul- 
sions may occuf and the body temperature will be high. Death may occur suddenly. 

^^Treatment \ 

The lowering of the patient's body temperature as rapidly as possible is the most 
important objective iii the treatment of Jieat stroke. The longer he remains in stroke, 
the gr^eater the threat to life. Remove the patient's clothes. If there is any source of 
cool water, he should be submerged; otherwise, water should-be-sprinkled over-hlm-and— 
its ev;qK>ration hastened by fanning. Massage the extremities and trunk of the body. It 
is very important to get him to the hospital immediately. 

Prevention * 

By now you should realize that, over-exposure to heat is a very serious thing, and 
that recognition of the symptoms and knowledge of first aid treatment is essential.. But 
most^important is the knowledge of prevention measures. They are simple and no one 
need ever suffer the effects of cramps, exhaustion, or stroke. The first rule is to 
drink plenty of water, at least 8 ounces per hour, more if you prefer. Take four to six 
salt tablets per day. One Important note about salt ^lets - Never take a salt tablet 
without a drink of water . It may cause nausea and vomiting. 

Keep yourself in the best of physical condiUon and the chance for any adverse 
effects will be greatly lessened. 

Regardless of physical condition, a person who is suddenly exposed to extreme heat 
must pass'through a period of acclimatization. Strenuous work during this time should 
be limited. Work periods must and should include alternating work and rest.periods. 
Most individuals become fully acclimatized after five or six dayrf exposure. 

Remember, it is easy to prevent the adverse effects otheat. Replenish the water 
and salt lost through perspiration as the losses occur.. Drink water and take salt tablets. 

Asbestos Exposure . . ' 

In i^^'ay 1974 the Air Force Surgeon Ueneral's Office issued, through medic?,l channels 
a preliminary occupational health standard on asbestos exposure (SG Itr, **Asbestos 
Exposure,** 8 May 74)* The standard provides airborne concentration limits, methods of 
compliance, environmental nionitoring requirements ahd proceduri^s, and guidance 
on personal protective equipment. 

• 
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The burden <rf determining compliance with this standard rests largely on the 
naedlftal service, however, assistance by the ground safety staff and supervisors is 
o^^fl^Jly encouwged. For example, assistance In locating operations Involving potential 
•xpofure to asbestos dusts Is greatly needed. • . o 

At first ttought It mlght be assumisd that asbestos usage Is extremely limited In the 
Air Force emdromnent.. Perhaps pipe insulation- In an old building might create a problem 

'^^OTj.moUBhei. However, a^cMhrough the GeneiS^ 
services Administration catalog Indicates a^wlde avillablllty dt asbestos products. 
There are numerous stock-listed items In the 5330, 5640, and 5650 Federal Stock 
Classes that contain asbestos, such as: 

Manhole gaskets / 

Packing material 

Tape, asbestos 

Cement, asbestos 

Lisulatlon, pipe 

Honeycomb Ipaper 

fiisulation felt, thermal 

Millboard, asbestos 

Paper, asbestos 

Sh^e, asbestos cement . ' .. - 

J. 

, Normal use of these materials Is -not likely to result in an exposure to' airborne ^ 
cpneentraUons of unbound asbestos fibers approaching Umttlng values, but the possibility ^' 

!??^J*iS°?'?*l.^*f*°***^ "^^^ asbestos materials should be made aware 
o*fte bMlth hasTard potential that asbestos poses, and Instructed in preventive and 
. protective measures. 

SUMMARY ' ^ 

First aid is the treatment given to an injured person before medlcaUy trained ' * 

personnrt anrive. A working knowledge of first aid may mean the difference between 
Itfe and death of an Injured person. Know how to recognise the different types of 
mjurles, wounds, and tiie proper treatment for each. Good common seiwe and adherence 
to safety rules wm keep your work as a first aid nuutto a minimum. .. ' 

QUESTIONS \, , . . 

1. What are the three life-saver steps that should be carried out when treating a 
wounded or injured person? 

2. What is shock? 

3. What are tiie different types of fractures ? 

4. What is the best method of giving artificial respiration ? » 
5e When fhoiflid an injured person be moved? ? 

6. To what extent should you attempt to render medical aid? 
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What is the best -treatment you can give for shock? 
8. What ia generally the best method of reducing bleeding? 
9« Who should attempt to'set broken bones? / 
iO« What is the most important first aid to undertake in case of severe burns? 

'references ^ 

U AFR 127** 101, Ground Accident Prevention Handbook 
2. AFP 85-1, Electrical Facilities Safe Practices Handbook 
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SECTION V 

, • ' f 

SAFETY AND HUMAN iRELUBILITY PUBLICATIONS; 

i 

Selected safety puWicatloiw are presented to you In this section In alphabetical/ 
numerical order;, they are Manuals (AFMs),- Pamphlets (AFPs), 'and Regulations 
(AFRs). Tliese are simply for presentation order and does not Indidate that on ^ ' 
pubUcatlon is more important than another. They are all important' to your well-beiwt 
Get acquainted with them. ■■ i~ , j' oen*. 

Probably the most imiportant thing you can learn about AF manuais, pamphlets, 
and regulations from this section is that they are indexed in Air Force Regulation O-a 
AFR 0-2 is the Numerical Ind« of Standard Air Force Pbullcations. Another index of 
real importance to you Is AFR 0-6, Subjept Index of Air Force PuWlcations. Remember 
you can locate the number, title, and date of any standard Air Force regulation, manual, 
or pamphlet in the index, AFR 0-2. ■ ' 

APM 35-99, HUMAN RELIABILITY PROGRAM 

/ . . " 

TWa manual establishes the requirements and responsibilities for screening, 
selecting, and continuously evalnatlns all personnel who control, handle, have 
access to, contj^^launch of, or controL access to nuclear weapons, nuclear weapon 
systems. B provides for the sdectlon and r^entton o< persbnnel who are physically 
tod emotlpnally sound and reliable, and have demonstrated good ]u(%ment and profes- 
sional competence. It also provldesT)rocedbres for reasslgHmeiroTsejra of 
individuals found to be unreliable for such duties. 

The ol?Jectlve of the Human Reliability Program is to eliminate, as far as Rpssible,^ 
the occurrence o£ acts which could lead to an unauthorised detonation of a nuclear weapon 
or pnauttibrlcM hxaoch of a mlsiUe/alrcraft carryli^ nuclear weapom. Jhls 
objective can be accomplished by screening, -selection, continuing education, and 
surveillance of individuals assigned td positions where they might gain access to, ; 
and knowledge 61, a nuclear weapon system." ' / 

■ \ • - . / 

AFM 127-100,' EXPLOSIVES SAFETY MANUAL / 

IWs manual,has been developed to cover all Air For^je explosives operations. It 
you are required to ptrtlclpate/ln any explosives or demolition operatlcnff, you should 
do so only after careful review of AFRi 127- lOQ. 

AFR 127-101, GROUND ACCIDENT PREVENTION ' " 

This Is an Air Force regulation urtilch presents comprehensive and detail*-. 
guidance for personnsl In the areas at safety, accident pravention, and first aid. It is 
a very usefnl, and •Uf'U>-tu9 retaliation. -Its ease oi use stems from the very 

detailed alphabrtical-lfla*x-ln the back. Since it 1» so eiay to use^and ifficTlt 

conta^ so much needed information, you must become famUlar with this valuable 
document. 
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To give you some idea of the coverage of^AFR 127-101, the table of contents is 
shown as follows: 



Chapter 

1 
2 
3 
4 



5 
6 
7 

- 8 
9 

10 
11 
12 
13 
14 



Introduction 

Ground Accident Prevention Program 
Principles of industrial Shop Safety, ^ 

Safe Practices'^ in Operation and Maintenance of Base Facilities 

and Construction 

Health Hazards and Protection 

Fire Prevention 

Liquid Propellants and Hazardous ^^Materials ' 
Aircraft and FU^t Line Safety Practices, 
Safety In Railroad Operations 

Electrical Facilities, Electronic Eciulpment, Lasers and Masers 

Safety in Motor Vehicle Operations 

Safety in Materials Handling 

Recreational and Off-I>ity Acti^vltles 

Medical Facilities - 



AFM 127-201, I^nSSELE ACCIDENT PREVENTION 

This manuil provides general, basiCylnformatiori on hazards involved in operatiftg 
and maintaining missile systems, and describes measures for preventing mishaps^ It 
explains how td operate missile systems and prepare safety survey checklists. It 
applies to all Ait Force l;ostallations_; . - 

The Missile Accident Prevention handbook Is a very interesting and informative 
manual dealli^ with the hazards and safely procedures at missile ilnstallations^ If you 
are assigned to duty OTmevhaving missiles, and you very well imay be, be sure 
tofamiuarizelyourself with AFM 127-201, It is also indexed in AFR 0-2. Use it and 
learn the flne art of sl^lf-|)rotection, and protection of USAF equipment. 



AFP 85-1, e|.ECTRICAL FAdLTTIES SAFE PRACTICES HANDBOOK 

This pamphlet .prescribes safe practices and procedures for personnel engaged in 
maintaining-arid operating electric systems and facilities. The size of this pamphlet 
has. been desig;ned to facilitate ready reference by workmen on Uie job. It is pocket- 
size. 



. The rules 
will be followeld 



This 
cal equipment 
carried and 
when working 
cedures for 
mouth-to-mouth 



and recommendations contained in AfP 85-1 are directive in nature and 
at all Air Force installations. ' v 



pamphlet is especially useful to all personnel who work on or around electri- 
or systems. It is a relatively small, pocket-size booklet which is easily 
.sUy used right on the Job. Along with many safety precautions to observe 
j^th^electrical equipment or systems, this, pamphlet prescribes the pro- 
t aidf iiid heart-lung resuscitation. This includei^ instructions for 
artificial respiration and for closed cheiit cardiac massage. 
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AFP 85-1 is a highly useful booklet iBi^all who are exposed to electrical sysfrems 
operation dr maintenance* Take* time to stildy the one in your file, and if you work with 
electricity, try to getta copy for your individual use. Your publications clerk can get ' 
you one.-^ 

AFR 50-24; TRAFFIC SAEETY EDUCATION • ' 

This regulation prescribes a Traffic Safety Training Program for Air Force officers^ 
airmen^ and civilian personnel. Again, knowledge of this regulations will help you ' 
(Understand why you ha[ve to attend drivezr training. The Air Force needs you alive and 
in good condition, and conducts an extensive safety program toTceep you this wajj. « 

AFR 122-1, THE AIR FORCE NUCLEAR SAFETY PROGRAM 

This Ijegulation explains the Air Force Nuclear Safety Program. It assigns respon- 
sibUltiei u) those HQ USAF offices and major.xommands concerned with niiclear ?^eapbn 
systems! (US Air Force or idly- operated), nuclear power systems, or logistic move- 
ment of weapon cargo. This regulation is not intended to resixict equipment 
and procedures presently used for support of nuclear systems or logistic moyement. 
Howevernafter the date of this publication, any proposed change or modification to 
existing procedures or equipment that could affect nuclear safety must conform with 
this regulation. 

AFR 122-4, THE TWO-MAN CONCEPT 

This regulation establishes the Two- Man Concept, the primary purpose of which is 
to enhalnce nuclear safety during nuclear weapon/nuclear weapon system operations. 
It applies to all organizations assigned to mission or function involving nuclear weapons 
or nuclear weapon systems, 

AFR 122-5, SAFING AND SEALING ^ 

Tils regulation^requires that a major command with an operational nuclear weapon 
responsibility -^develop appropriate procedural directives to meet safing and sea^in^ 
requirements pf Nuclear W|eapon System Safety Rules. 

AFR 127-4, INVESTMAXING AND REPORTING USAF ACQIDENTS/lNCIDENTS 

This 're^atl<$n con^bines all accident, incident, and nuclear deficiency reporting 
and investigative requirements in the fields of aircraft, ground, explosives, missile, 
and nuclear/stfetx^ policy^ explains terminology, establishes responsibllitiee, 

and prescribes procedures.. It tells how to report a USAF accident including the Air 
Force Reserve,, i ! 

The important part about this regulation is to know ?vhat to do if you are the fivst 
person at the scene of a mishap* , 



First Military Personnel at Scene of Mishap 

The first .military person reaching the s^cene. If the situation requires, will: 

1. Secure necessary medical service* or identification assistance, as required. 



2. Report by telephone or the most expeditious, means all known facts to the 
nearest Air Force installation. 

3. Obtain names and addresses of all available witnesses {including rank, SSAN, 
organization, and station of all miUtory personnel) whose testimony may aid 
the investigation. 

4. Until relieved or otherwise instructed by competent authority, do whatever is 
necessary to make sure that the wreckage is not moved or tampered with in any 
way, except to assist or remove persons injured or killed, and eliminate any 
further danger. 

5. Establish the necessary guard as follows: 

a. If mishap occurs at or near a US military installation, obtain the guard 
> from its commander. 

i b. If mishap is not near a US military installation, obtain the guard from 

civilian sources at'the local rate of pay. The use of civilian guards does 
not cancel the security responsiblUties of the senior military person at the 
scene of the mishap. 



c. Enlist aid of local law enforcement Igencies. 

• ♦ * 

6. Shield from public view or photography, documents or material known or sus- 
pected io be classified..' 

The above procedures apply upon recognizing that an accident or incident has 
occurred. Personnel encountering these situaUons must take the immediate actions 
indicated above. It is unlawful to leave the scene of an accident unless properly dis- 
missed. 

The formal reporting of accident is the responsibility of the commander concerned. 
Prior to submission of formal reports, he will- appoint an accident investigating omcer 
or officers, who will conduct a thorough investigation to insure that reports submitted 
are accurate. . 

AFR 127-5, USE OF PRQTECTr'/E EQUIPMENT BY VEHICLE OPERATORS AND 
PASSENGERS 

This regulation cites the requirements and prescribes specifications for seat belts 
and protective (crash) helmets for riding Air Force-owned motorcycles or similar 
vehicles, motor scooters, etc. A sha tterproof eye protector must be worn with the ' 
helmet. Center directives usually will require the same safe^jty equipment for on-base 
registration of private motorcycles or similar vehicles. This again is an example of 
thi concern that USAF has for its personnel, both on and- off the job. 

AFlta27-6, THE USAF HAZARD REPORTING^STEM 

This regulation outlines the purpose, functional scope, and responsibilities of ^ 
hazard reporting within the USAF. It also ouUines the reporting procedures. Under the 
terms of this regulation, a reportable hazard is considered to be any condition, act dr 
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circumstance that jeopardizes or may jeopardize the safety oi personnel, weapon 
systems, facilities or equipment, when the condition is not a part of a reportable acci- 
dent, incident, or deficiency. 



SUMMARY 



The regulations, pamphlets and manuals treated in this study guide are very import- 
ant to you and to your next assignment. However, there are many publications pertaining 
to safety. While coverage of all these publicaaons is.in^racUcal in this publication, 
always remember that all Air Force regulations, manuals, pamphlets, and letters are 
numerically indexed in AFR 0-2 andthatthe "subject*' index is AFR 0^6. In addition, 
safety-type publication^ are also included in the Technical Order System, particularly in 
the TO 00-25 Series, 
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